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Stable expression of polymorphic forms of human cytochrome P450 2D6 as an 
analytical tool in preclinical drug development 

The present invention relates to a test system containing cell lines expressing human 
cytochrome P450 2D6 as well as to the use of this test system for the study of 
pharmacological and toxicological aspects of the hCYP2D6 polymorphism. Furthermore, the 
present invention relates to methods for detection of novel polymorphic forms of human 
cytochrome P450 2D6 using the test system according to the present invention as well as to 
methods for a simple and exact quantification of the cytochrome P450 content by means of 
CO difference spectra. 

Day by the day, the human body takes up a plurality of foreign substances. Harmful 
chemicals from the environment, ingredients of food and stimulants, and in some cases also 
medicaments. All these foreign substances eventually have to be excreted to avoid damages 
to the organism. Many of these compounds, however, have a poor solubility in water and 
therefore cannot be excreted easily. Thus, in the course of evolution nearly all living 
organisms have developed a complex enzyme system capable of converting compounds into 
a hydrophilic excretable form. This metabolic process is referred to as the metabolism of 
foreign substances and has been formally divided into two phases (Gfeim and Demi, 1996; 
Marquardt and Schafer, 1997): In phase I the introduction of functional groups into the 
compound or a demasking of functional groups occurs, a process in which P450 cytochromes 
play a key role. In phase II the functionalized metabolite is conjugated to substances with 
good solubility in water, such as sulfates, sugars, glutathione, carboxylic acids, or amino 
acids. Thereby, the compound is rendered sufficiently hydrophilic to be excretable in the 
form of a non-reactive final product via the kidney or the intestine. There is a risk, however, 
that reactive metabolites may react with the body's own structures such as DNA, RNA, 
proteins, and lipids and induce cytotoxic, cancerogenous or mutagenic effects. In this case, 
the detoxification is converted into a toxification. 




Drugs are metabolized and excreted by the same enzymatic system, a fact which may have an 
influence on the pharmacological efficacy in different ways: either the metabolites have a 
lower pharmacological effectiveness as the. starting compounds or they may be completely 
ineffective, as in the case of barbiturates. In other cases, the mother substance as well as the 
metabolites have an effect. An example are the cough medicine codeine and its metabolite 
morphine. In other cases, only the metabolite is effective for example the cleavage product of 
cyclophosphamide in chemotherapy. 
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The efficacy of a drug may vary between different individual due to differences in its 
metabolization. The metabolization is affected by parameters such as age, sex, physical 
condition, and diet. Differences in the genes encoding foreign substance-metabolizing 
enzymes such as cytochrome P450 have been shovm to be another important factor. Thus, 
due to genetic differences some individuals can metabolize drugs faster, slower, in a different 
manner or not at all. If the allelic sequences vary between different populations this will 
result in interethnical differences in the frequency of phenotypes. Asians, Caucasians and 
Black Africans will therefore react very different to the same medicament. These 
pharmacologically important inter-individual differences have been referred to as pharmaco- 
genetic polymorphism (Meyer, 1991): 

"A pharmaco-genetic polymorphism is a monogenic feature caused by the presence within a 
population of more than one allele in the same locus and of more than one phenotype with 
respect to the efficacy of a drug in the organism. The frequency of the rarest allele is > 

It has been agreed to set the frequency of the rarest allele to > 1% since not every base 
difference will necessarily be relevant for a certain population group. It has been estimated 
that up to 20% of all medicaments are subject to pharmaco-genetic polymorphism (Blech, 
1999). In the USA, more than 2 million people per year suffer from undesirable drug effects 
which take a lethal course in more than 100,000 cases. Thus, they are among the six most 
frequent causes of death (Lazarou et al., 1998). As a consequence, "personaHzed drug(s) 
(dosages)" are desired which can be specifically adapted to the individual pharmaco-genetics 
of a particular patient. For example, this is the cxirrent practice in the therapy of children 
suffering from leukemia using azathioprine or 6-mercaptourine which otherwise would lead 
to life-threatening side effects in 3% of the cases. 

Therefore, besides the development of efficient methods for detecting the individual 
pharmaco-genetic profile such as by DNA chip technology for maximal drug safety it will be 
required to gain a detailed knowledge of the drug metabolizing enzymes and their genetic 
polymorphisms. 

The most important group of foreign substance metabolizing phase I enzymes are the 
cytochromes P450 (EC 1.14.14,1; imspecific monooxygenases). In 1958, they were described 
for the fu-st time idependently by Garfinkel (1958) and Klingenberg (1958) as "cell-coloring 
pigment" of the liver. They were referred to as cytochrome P450 because cytochromes in 
their reduced state and after gassing with carbon monoxide have difference spectra showing 
a characteristic absorption peak at 450 nm. A quantification may be carried out using the 
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absorption together with the molar extinction coefficient (Omura and Sato, 1964a; Omura 
and Sato, 1964b). 

At present, the cytochrome P450 superfamily includes 481 isoforms in 85 different 
eukaryotic and 20 prokaryotic species (Nelson et aL, 1996). The classification of cytochrome 
P450 enzymes is per conventionem based on their amino acid sequence homologies. Their 
identity is more than 40% within a family and at least 55% within a subfamily. Cytochrome 
P450 genes are abbreviated by "CYP" in italics while cDNAs, mRNAs, and proteins are 
abbreviated by "CYP" followed by an arabic numeral referring to the family as well as a latin 
capital letter for each subfamily. Individual isoenzymes are numbered chronologically by 
another arabic numeral. The whole symbol is preceded by a small latin letter indicating the 
species. Thus, for example human cytochrome P450 2D6 is designated by hCYP2D6 for the 
gene and hCYP2D6 for cDNA, mRNA, and protein, respectively. All foreign substance 
metabolizing P450 cytochromes are anchored in the endoplasmatic reticulum as well as in 
the nuclear membrane by means of a hydrophobic N-terminal sequence and are oriented 
towards the cytoplasm (Monier et al., 1988). P450 cytochromes belong to the group of heme 
thiolate enzymes catalyzing the NADPH-dependent monooxygenation of their substrates 
with formation of the corresponding alcohols or epoxides as well as O- and N-dealkylations. 
They form a multi-enzyme complex together with NADPH-dependent cytochrome P450 
oxido-reductase (CYPOR) and cytochrome bs catalyzing the transfer of electrons from 
NADPH to cytochrome P450. Differences in the ability of complex formation have been 
observed (Schenkman and Greim, 1993). The activities of some isoforms such as hCYP3A4 
is specifically dependent on CYPOR and cytochrome bs (Buters et. al, 1994). In the case of 
hCYP3A4 cytochrome bs additionally increases the affinity to certain substrates (Schenkman 
etal., 1989). 

The substrate specificity of individual P450 cytochromes is generally low and often 
overlapping thereby ensuring sufficient flexibility to deal with the enormous diversity of 
foreign substances to be metabolized. On the other hand, besides organ-specific expression, 
polymorphism, and inducibility of many isoenzymes the overlapping substrate specificities 
substantially contribute to the complexity of the cytochrome P450-catalyzed metabolism of 
foreign substances and drugs, repectively. The complexity may be further enhanced if the 
drug metabolism is affected by induction or inhibition of particular cytochrome P450 
isoforms during simultaneous administration of several drugs. Therefore, it is required to 
gain detailed knowledge about drug metabolizing P450 cytochromes on a genetic, regulatory 
and enzymatic level to avoid undesirable effects caused by metabolism. 
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Cytochrome P450 2D6 (EC 1.14.14.1; debrisoquine 4-hydroxylase) is one of the molecular 
species of cytochrome P450 characterized by a marked polymorphism. In humans, CYP2D6 
is the only functional isoenzyme of the 2D subfamily, and it was the first cytochrome P450 
enzyme for which a genetic polymorphism has been described. By the end of the seventies, 
the polymorphism of hCYP2D6 has been discovered independently for the antihypertensive 
drug debrisoquine (Evans et al, 1980; Mahgoub et al., 1977) and the antiarrhythmic drug 
sparteine (Eichelbaum et al., 1979a; Eichelbaum et al., 1979b). In the next years, the 
polymorphic metabolic phenotype common to both substrates was demonstrated 
(Eichelbaum et al., 1982), and its genetic cause was discovered (Daly, 1995; Gonzalez et al., 
1988a; Meyer and Zanger, 1997; Price-Evans, 1993; Steiner et al., 1985; Zanger et al., 1988). 
Today, a plurality of important substrates (cf Table 1) and 17 alleles are known. Thus, at 
present the "debrisoquine/sparteine" polymorphism is the most extensive pharmaco-genetic 
polymorphism which has the highest impact in practise (Bertilsson, 1995; Brosen and Gram, 
1989b; Eichelbaum and Gross, 1990; Kroemer and Eichelbaum, 1995; Nebert, 1997; Tucker, 
1998). 

The expression of hC YP2D6 primarily occurs in the liver in a constitutive manner, and the 
enzyme is not inducible in contrast to all other drug metabolizing P450 cytochromes 1 Al/2, 
2B6, 2C8, 2C9, 2C18, 2C19, 2E1 and 3A4/5. During pregnancy, however, a sUghtly elevated 
metabolism of hCYP2D6 substrates was observed (Hogstedt et al., 1983; WadeUus et al., 
1997). The fraction of the total hepatic cytochrome P450 content is only about 2% and thus 
relatively low as compared to the two other important drug metabolizing isoforms hCYP3A4 
with. > 30% and hCYP2C9 with > 20% (Shimada et al., 1994). There are dramatic inter- 
individual differences in the level of expression up to complete deficiency (Shimada et al., 
1994). 

In addition, an about 100 times lower expression of hCYP2D6 compared to the liver was 
detected in various extrahepatic tissues, and an association with different diseases has been 
discussed, in part controversially: in lung/lung cancer (Guidice et al., 1997; Kivisto et al., 
1997), in brain/Parkinson (Fonne-Fister et al., 1987; Nebert and McKinnon, 1994; Sabbagh 
et al., 1999), in the gastrointestinal tract (Prueksaritanont et al., 1995), in breast and in 
mammary txmiors (Huang et al., 1996; Huang et al., 1997), in the bladder mucosa and in 
tumor tissue (Romkes-Sparks et al., 1994), as well as in peripheral mononuclear blood cells 
(Carcillo et al., 1996). Of particular interest is the expression in brain since hCYP2D6 
metabolizes several pharmaceutics having a central-nervous activity and hydroxylates 
endogenous tryptamine to give the neurotransmitter dopamine (Hiroi et al., 1998). 
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hCYP2D6 is involved in phase I metabolism of about 30% of all clinically relevant drugs of 
different drug groups (cf. Table 1; Alvan, 1991; Brosen and Gram, 1989a; Dahl and 
Bertilsson, 1993; Eichelbaum and Gross, 1992). Thus, besides hCYP3A4 (55%) and 
hCYP2C9 (15%) it belongs to the most important drug metabolizing P450 cytochromes 
despite of its lower level of expression (Smith et al,, 1998). For example, the 
antihypertensive drugs debrisoquine and propafenone, the R blocker propanolol, the tricyclic 
antidepressant imipramine, etc. have been described as specific substrates of CYP2D6 
(Eichelbaum and Gross, 1990). hCYP2D6 is selectively inhibited by quinidine or by specific 
inhibitory antibodies. 



Drug Group 


Example 


Reaction 


Reference 


monoammeoxidase inhibitors 


amifl amine 


NUem 


(Alvan et ai. , 1 y54j 


fi blockers 


bufuralol 


alH, arH 


(Boobis etal., 1985) 


analgetics 


codeine 


ODem 


(Mortimer a/., 1990) 


antihypertensives 


debrisoquine 


arH 


(Mahgoube/a/., 1977) 


anorectics 


dexfenfluramine 


NDea 


(Gross etal, 1996) 


neuroleptics 


haloperidol 


NDea 


(Tyndaleera/., 1991b) 


tricyclic antidepressants 


imipramine 


arH 


(Brosen e/ Of/., 1986) 


ai adrenoceptor antagonists 


indoramine 


arH 


(Pierce etal, 1987) 


62 adrenergic stimulants 


methoxyphenamine 


arH, NDem 


(Roy era/., 1985) 


SSRI 


paroxetine 


Dem 


(Bloomer e/ a/., 1992) 


antianginal 


perhexiline 


alH 


(Cooper a/. , 1987) 


antidiabetics 


phenformine 


arH 


(Gates etal, 1982) 


antiarrhythmics 


sparteine 


H 


(Eichelbaum et al , 1979b) 


anti-estrogenic compounds 


tamoxifen 


arH 


(Dehal und Kupfer, 1997) 


amphetamine (life-style drug) 


MDMA (ecstasy) 


alH 


(Tucker etal, 1994) 


endogenous neurotransmitter 


tryptamine 


arH 


(Hiroi etal, 1998) 



Table 1 

Examples of drugs and other substrates at least partially metabolized by hCYP2D6. 
Abbreviations: alH: aliphatic hydroxylation; arH: aromatic hydroxylation; Dem: 
demethylation; MDMA: methylenedioxymethamphetamine; NDea: N-dealkylation; NDem: 
N-demethylation; ODem: O-demethylation; SSRI: selective serotonine reuptake inhibitor 

According to estimations of the WHO, 250,000 women worldwide die each year because of 
breast cancer (Logan, 1975). In the USA and Western Europe, breast cancer is the cause of 
death in 4% of all cases in women (American Cancer Society). In Germany alone about 
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42,000 women each year fall ill with breast cancer (Becker and Warendorf, 1981-1990). 
Approx. 30% of the tumors are hormone-sensitive. 

The non-steroidal selective estrogen receptor modulator tamoxifen (Novaldex®) is used for 
the treatment of estrogen-sensitive tumors (Furr and Jordan, 1984; Jordan, 1998; Osborne, 
1998). Tamoxifen binds to the estrogen receptor and thus blocks the stimulation of 
proliferation by estrogen binding. In other organs, however, it shows a desired paradox 
partial estrogen effect in that it for example counteracts osteoporosis (McGregor and Jordan, 
1998). Studies to examine the preventive use of tamoxifen in risk groups are presently 
carried out (Jordan, 1997; Nayfield, 1995). 

With respect to its pharmacology, metabolite profile, and DNS adduct formation, tamoxifen 
shows pronounced variations between different species (De Matteis et al., 1998; Glatt et al., 
1998; Jordan and Chem, 1982; Jordan and Robinson, 1987; Lim et al., 1994). The main 
metabolites are N-demethyl-tamoxifen, tamoxifen-N-oxide, and 4-hydroxy-tamoxifen; see 
Figure 23. 4-Hydroxy-tamoxifen is about 100 times more potent as an anti-estrogenic 
substance than the mother substance itself, and thus despite its lower plasma level is believed 
to contribute substantially to the pharmacological effect (Borgna and Rochefort, 1981; Furr 
and Jordan, 1984). An involvement in the 4-hydroxylation of tamoxifen is discussed for the 
cytochrome P450 isoforms hCYP2C9, hCYP2D6, hCYP2El and hCYP3A4 (Crewe et al., 
1997; Dehal and Kupfer, 1997; Styles et al., 1994). It may be possible that it will be 
necessary to consider inter-individual differences with respect to the formation of 4-hydroxy- 
- tamoxifen in establishing the therapeutical dose of tamoxifen. 

Together with the pseudogenes CYP2D7P and CYP2D8P, CYP2D6 forms a gene cluster in 
the CYP2D locus at position ql3.1 on the long arm of chromosome 22 ( Eichelbaum et al, 
1987; Gonzalez et al., 1988b; Gough et aL, 1993; Kimura et al., 1989). Similar to the two 
pseudogenes it consists of 9 exons and 8 introns. 

Of the 17 known hCYP2D6 alleles only five, namely hCYP2D6''l hCYP2D6*2, 
hCYP2D6'^9, hCYP2D6*J0 and hCYP2D6*17, encode an enzyme with (limited) 
functionality (Daly et al., 1996a). At least another functional allele is postulated for the 
population of Ghana (Droll et al., 1998; Masimirembwa et al., 1996a). The phenotypic 
classification is carried out using the ratio of test substrate/metabolite in urine per time unit. 
The smaller this "metabolic ratio (MR)", the faster will be the metabolism of the test 
substrate, e.g. debrisoquine, dextromethorphane, metoprolol or sparteine. Homozygous 
carriers of non-functional alleles are always deficient with respect to the 2D6 activity and 
show a so-called "poor metabolizer (PM)" phenotype characterized by a high MR. 
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Individuals who are homozygous for the wildtype allele hCYF2D6*l phenotypically are 
"extensive metabolizers (EM)" having a low MR (Sachse et al., 1997). Gene amplification of 
a functional allele results in a so-called "ultrarapid metabolizer (UM)" phenotype (Bertilsson 
et al., 1993; Johansson et al., 1993; Lundqvist et al., 1999). Homozygous carriers of the 
allele hCYP2D6*]0 showing a limited functionality have an increased MR compared to the 
EM phenotype and therefore are sometimes referred to as "intermediate metabolizers (IM)" 
(Armstrong et al., 1994; Yokota et al., 1993). 

Furthermore, variations in the allele frequency between different populations result in inter- 
ethnical differences (Bertilsson, 1995): In Caucasians the frequencies of the functional alleles 
hCYP2D6''l and hCYP2D6''2 are about 35% while hCYP2D6''2xN, hCYP2D6*9 and 
hCYP2D6'^J0 are rare with frequencies of 1-2% and hCYP2D6''J 7 has not been detected yet. 
The non-functional alleles hCYP2D6*4 and hCYP2D6''5 have frequencies of about 20%) and 
5%, respectively, while the frequencies of the other allels is 0-2%). Thus, the proportion of 
poor metabolizers in the Caucasian population is approx. 5-10% (Alvan et al., 1990; Evans et 
aL, 1993; Griese et aL, 1998; Sachse et al., 1997), 

In contrast, in the Asian population the frequency for the non-functional allele hCYP2D6*4 
is only 0.8%) while the allele hCYP2D6*I0 with limited functionality occurs in a frequency 
of 23-70%o. Accordingly, only about !%> of Asians are poor metabolizers although their mean 
MR is increased in comparison to Caucasians (Bertilsson et al., 1992; Dahl et al., 1995b; 
Horai et aL, 1989; Roh et al., 1996). 

The same appHes to some Black African populations showing allele frequencies of about 4%) 
for hCYP2D6*4, about 5% for hCYP2D6''10 , and 15-35% for hCYP2D6''17 (Evans et al., 
1993; Masimirembwa et al., 1996b). 

A heterologous expression of several hCYP2D6 alleles has been carried out in various 
systems: in E. coli (Gillam et al., 1995; Kempf et al., 1995; Pritchard et al., 1998), in yeast 
(Bichara et al., 1996; Ellis et al., 1992; Krynetski et al., 1993; Krynetski et aL, 1995; 
Oscarson et al., 1997), in insect cells (Evert et al., 1997; Paine et al., 1996; Patten et al., 
1996), in CHO cells (Patten et al., 1996), in COS-1 cells (Gonzalez et aL, 1990; Johansson et 
aL, 1994; Kagimoto et al., 1990; Oscarson et aL, 1997), in Hep G2 cells (Aoyama et aL, 
1990; Tyndale et aL, 1991a), in NIH3T3 cells (de Groene et aL, 1996), and in human B 
lymphoblastoid cells AHH-1 TK+/- (Crespi et aL, 1991; Crespi et aL, 1995; Penman et aL, 
1993). In addition, the wildtype allele hCYP2D6'^l has been already expressed in V79 
Chinese hamster cells (Fischer et aL, 1992; Rauschenbach et aL, 1997). 
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Nevertheless, up to now no test system exists which is suitable for an examination of the 
pharmacological, toxicological, and other aspects of the hCYP2D6 polymorphism. 

The technical object underlying the present invention is to provide a test system enabling a 
comparative examination of the metabolic activity of active forms of human cytochrome 
P450 2D6 with regard to a wide variety of substances. Preferably, this system is intended to 
be suitable as an analytical tool in preclinical drug development and for in vitro analysis of 
the human metabolism of foreign substances in comparison to that of other species. The 
system shall contribute to a replacement and completion of animal experiments in 
pharmacology and toxicology. Particularly, the system is intended to be suitable for phase I 
studies of drug metabolism as well as to enable a reliable, simple and cost-effective 
identification of the enzymes involved in the metabolism of a candidate drug at a time point 
as early as possible in preclinical drug development. 

Another technical object underlying the present invention is to provide methods for the study 
of pharmacological and toxicological aspects of hC YP2D6 polymorphism. Preferably, these 
methods are contemplated for a use in the preclinical phase of drug development, they shall 
be carried out under standardized and reproducible conditions and are intended to have a 
high predictive value for humans. Preferably, these methods are intended to replace animal 
experiments in this phase. 

A method for the determination of the cellular content of cytochrome P450 by means of CO 
difference spectra is well-known. According to this method, 10^^ cells axe required to record 
CO difference spectra in a cellular system. This amount of cells can only be achieved with 
relatively high effort using special cell culture techniques such as cultivation on 
microcarriers while with an extinction .difference between 450 nm aad 490 nm of about 
0.001 the resulting spectra are still unsatisfactory (Onderwater et al., 1996). Therefore, the 
amount of heterologously expressed cytochrome P450 has been often estimated by means of 
Western analyses (e.g. Wolfel et al., 1991; Schneider et al., 1996). This method, however, 
can only detect the content of cytochrome apoprotein while it is important to determine the 
holoenzyme as the functionally active cytochrome P450 including the prosthetic heme group. 

Thus, another object underlying the present invention is to provide a method for the simple, 
sensitive and exact quantification of the cytochrome P450 content, particularly in cellular 
expression systems. 

These objects are solved by the subject-matter of the claims. 
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In its first aspect, the present invention relates to a test system comprising cell lines each 
expressing different functional hiiman cytochrome P450 2D6 alleles in a heterologous 
manner. The test system contains three or more of said cell lines. The cytochrome P450 2D6 
alleles expressed may be selected with respect to the frequency of their presence in a 
population to be tested. For example, if the most frequent alleles in a population are 
hCYP2D6 alleles *7, *70, and *7 7, the test system according to the present invention 
contains three cell lines each expressing one of said alleles. In a preferred embodiment, the 
five hCYP2D6 alleles *7, *2, *9, *70, and *7 7 encoding functional enzymes will be 
heterologously expressed in a cellular system. A preferred cell for expression generally lacks 
any cytochrome P450 activity. The level of expression and the enzyme kinetic characteristics 
of the system expressing recombinant hCYP2D6 according to the present invention 
preferably are similar to both the physiological situation and to comparable expression 
systems. A preferred expression system are eukaryotic cells, in particular mammalian cells, 
and most conveniently fibroblast cells. In one embodiment the cells are derived from 
Chinese hamster and preferably are Chinese hamster lung fibroblasts or cells derived 
therefrom, particularly V79 cells. In a preferred embodiment, cDNA is expressed. Preferably, 
the test system according to the present invention is suitable for a comprehensive in vitro 
analysis of the human cytochrome P450 2D6 polymorphism. In a particularly preferred 
embodiment, the test system enables testing and comparing the properties of the five known 
functional forms of human cytochrome P450 2D6 under standardized experimental 
conditions. According to the present invention it is preferred to employ parental and mock- 
transfected cell lines, respectively, as the negative controls. 

In the fifties, the cell line V79 was estasblished from morphologically and neoplastically 
transformed lung fibroblasts of an adult male Chinese hamster. The establishment of the V79 
cell line has not been published. From the description of the experimental series for 
establishing cell lines of Chinese hamster lung tissue it is possible to infer the establishment 
of the V79 cell line by analogy (Ford and Yerganian, 1958). Since then it has been widely 
used in toxicity and mutagenicity studies (Bradley et al., 1981; Chu and Mailing, 1968; 
Doehmer, 1993; Sawada and Kamatki, 1998; Swierenga et al., 1991), and has been certified 
according to OECD Guidelines for the Testing of Chemicals. 

The V79 cell lines employed in the test system according to the present invention may be 
already established V79 cell lines. 

Some of the known V79 cell lines, however, show marked differences among each other. 
Subclone V79MZ is particularly preferred. In contrast to other V79 cells, this subclone 
grows adherent to a substrate and and is not released. Furthermore, in contrast to V79NH 
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cells, for example, this subclone has no acetyltransferase activity which might affect the 
measurements conducted with the test system according to the present invention. Therefore, 
the test system according to the present invention in V79MZ ceils bears significant 
advantages. 

Preferred cytochrome P450 2D6 expressing cells according to present invention therefore are 
cell lines V79MZh2D6*l, V79MZh2D6*2, V79MZh2D6*9, V79MZh2D6*10 and 
V79MZh2D6*17 deposited on February, 15, 2000, at the DSMZ-Deutsche Sammlung von 
Mikroorganismen und Zellkulturen GmbH under the accession numbers DSM ACC2446, 
DSM ACC2447, DSM ACC2448, DSM ACC2449 and DSM ACC2450. 

By providing the hCYP2C expressing test system of the present invention, there has been 
practically provided the completely human phase I drug metabolism in the form of an in vitro 
test system. The cell lines according to the present invention are suitable for the 
identification of metabolically competent cytochrome P450 isoforms for a given substrate, 
for the detection of metabolite profiles and substrate binding mechanisms, for an 
examination of enzyme kinetics and drug interactions as well as for cytotoxicity and 
genotoxicity studies. 

The test system according to the present invention in eukaryotic cells is suitable for 
metabolic studies of functional human cytochrome P450 2D6 isoforms. In addition, it avoids 
the ethical problems associated with the use of organ material of human or animal origin. 
Moreover, the test system has the advantage that the experimental conditions are exactly 
defined and may be standardized which cannot be achieved in the case of in vivo systems or 
native tissue samples due to the extraordinary complexity and inter-individual variability of 
these materials. Thus, in complex systems the identification of metabolically competent 
P450cytochromes can only be performed in an indirect manner, for example by means of 
inhibition by inhibitory antibodies or by using chemicals with inhibitory effects following an 
induction of the isoform to be studied by chemicals such as dexamethasone, phenobarbital or 
dioxin. An indirect identification has only an indicative value since inhibitory antibodies 
rarely achieve the complete inhibition or have an insufficient specificity. Chemicals with 
inhibitory effects are not specific for cytochrome P450 at all. Inducing chemicals may be 
misleading since a slight stimulation of other P450 cytochromes may mask the involvement 
of the cytochrome P450 which is induced in the first place. In contrast, the heterologous 
expression according to the present invention enables a direct and unambiguous assignation 
of cytochrome P450 isoforms and metabolites. 
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The test system according to the present invention has the advantage in contrast to studies 
using purified enzyme that the cells may be used without laborious purification steps. In 
addition, the system according to the present invention avoids an alteration of the substrate 
specificity of the cytochrome P450 2D6 forms tested or a contamination of the enzymes to be 
tested during a purification. Moreover, the system in mammalian cells has the advantage as 
compared to e.g. yeast cells that it provides relevant and important biological and metabolic 
endpoints as well as a metabolic competence which are comparable to those of an animal or 
of man. Particularly, the system according to the present invention in V79 cells has the 
advantage that these cells provide a plurality of toxicological endpoints with a low and stable 
background and therefore are especially suitable for mutagenicity and toxicity studies 
(Bradley et al., 1981). In contrast to all other mammalian cells including human cell lines 
V79 cells are particularly characterized by an extraordinarily stable pseudodiploid karyotype 
having a constant chromosome number which can be maintained also after transfection with 
foreign DNA (Doepker et al., 1998; Simi et al., 1999). This is important regarding 
cytogenetic target points. Furthermore, the stability of cells is important for a reliable 
examination according to the methods of the present invention. With less than 12 h the 
doubling time of V79 cells is the shortest compared to all other cell lines studied up to now. 
Most importantly, V79 cells do not express any endogenous cytochrome P450 (Kiefer and 
Wiebel, 1989; Onderwater et al., 1996). Particularly for cell line V79MZ it was shown that 
no endogenous cytochrome P450 is expressed, and thus the cells are exactly defined for the 
cytochrome P450 isoenzyme transfected. Moreover, it has been shown for cell line V79MZ 
that the cells exhibit adherent growth and show a stable phenotype in culture. 

Furthermore, endogenous heme as well as cytochrome bs are synthesized in sufficient 
amounts in V79 cells (Onderwater et al., 1996). In contrast, in high-expressing systems such 
as baculovirus infected insect cells the endogenous heme synthesis is insufficient for a 
saturation of the expressed cytochrome with prosthetic heme (Asseffa et al., 1989; Barnes et 
al., 1994; Buters et al., 1994; Paine et al., 1996). In the system according to the present 
invention using V79 cells a supplementation with or coexpression of cytochrome P450 
NADPH oxido-reductase is necessary only in special cases (Schneider et al., 1996). 
According to the present invention, however, there are also comprised test systems 
containing cell lines which coexpress functional forms of human cytochrome P450 2D6 and 
a cytochrome P450 NADPH oxido-reductase and/or cytochrome bs, preferably of human 
origin. The system according to the present invention has the further advantage that it does 
not require adaption of the nucleic acid sequences, particularly cDNA sequences, as in the 
case of expression in E. coli (Sengstag et al., 1994). Moreover, suitable intracellular 
membrane systems for an incorporation of cj^ochrome P450 are present so that no 
subsequent reconstitution is required (Gillam et al., 1995). In contrast to yeast cells, for 
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example, V79 cells are also permeable for many substrates. Therefore, it is also possible to 
perform metabolic studies by utilizing the cell's own metabolism, e.g. for the regeneration of 
NADPH, directly in cell culture. 

According to the present invention there is provided a kit containing the test system of the 
present invention of cell lines expressing human cytochrome P450 2D6. The kit according to 
the invention may contain the cell lines expressing human cytochrome P450 2D6 according 
to the present invention and/or a lysate and/or a microsomal fraction thereof and/or a fraction 
enriched in human cytochrome P450 2D6 and/or purified human cytochrome P450 2D6. As 
further components, the kit according to the invention may comprise e.g. growth media, 
control substances and cells, liver extract, liver homogenate and/or liver microsomes and/or 
metabolically active cells such as primary hepatocj^e cultures and/or metabolically active 
enzymes such as cytochrome P450, etc. 

In the following there will be described the different possibilities of use of the test system 
containing human cytochrome P450 2D6 expressing cells according to the present invention. 
The methods of the present invention are either carried out with whole cells, a lysate, or a 
microsomal fraction thereof, a fraction enriched in cj^ochrome P450 2D6, or with 
cytochrome P450 2D6 purified from cytochrome P450 2D6 expressing cells according to the 
present invention. In one embodiment, the cells of the present invention are contemplated for 
a use in combination with liver extract, homogenate and/or microsomes and/or metabolically 
active cells, such as primary hepatocyte cultures and/or metabolically active enzymes such as 
other P450 cytochromes, carboxylesterases, exoxide hydrolases, flaivin containing 
monooxigenases, N-acetyltransferases, sulfotransferases, glutathione-S-transferase, 
methyltransferases, monoamino and diamine oxidases, etc. 

In addition, the cells may be used in a combination with electrodes for cultivation on silicon 
or similar materials for a direct coupling of enzyme and data media and may be employed as 
metabolically competent Bio-Chips in pharmacology and toxicology. 

The test system according to the present invention of human cytochrome P450 2D6 
expressing cell lines may be employed in the study of gene-dependent toxicity of certain 
metabolites such as drugs. Furthermore, the system of the present invention enables the 
examination and determination of the metabolic activation of cancerogenous substances and 
thus enables the determination of the cancerogenous effect of specific compounds, 
particularly depending on the form of human cytochrome P450 2D6 expressed. Thus, the 
present invention relates to a method for the identification of mutagenic, cancerogenous, or 
toxic effects of substances wherein the cell lines expressing human cytochrome P450 2D6 
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according to the present invention are contacted with the substance to be tested. For example, 
a mutagenic effect may be detected by a measurement of cells resistant to certain cell toxins, 
such as antibiotics, or cells with altered metabolism such as the appearance of a 
hypoxanthine guanine phosphoribosyl transferase (HGPRT) negative phenotype. A toxic 
effect of the substance to be tested may be for example detected by a decrease in viability of 
the cell lines of the invention. A cancerogenous effect may be examined by the appearance of 
a malign proliferation phenotype of the cell lines of the present invention, such as unlimited 
division, or due to the capability of the cell lines of the present invention to generate tumors 
in test animals. Thereby, the test system according to the present invention provides a high 
experimental sensitivity and enables the examination of the metabolic functions of different 
pol3anorphic forms of functional human cytochrome P450 2D6. 

The suitability of the system of cell lines according to the present invention, as an analytical 
tool in preclinical drug development has been demonstrated according to the invention using 
the pharmacologically and toxicologically important 4-hydroxylation of the breast cancer 
therapeutic tamoxifen as an example. The correspondence of the catalytic properties of the 
novel polymorphic cell lines with the results of earlier in vitro and in vivo studies 
demonstrates the suitability of the novel cell battery for in vitro analysis of hCYP2D6 
polymorphism. Using the cell lines according to the present invention it will be possible for 
the first time to perform comparative studies of enzyme kinetics for the different 
polymorphic human hCYP2D6 forms. The cell lines of the invention are particularly suitable 
for the identification of cytochrome P450 isoforms involved in complex metabolic situations 
and for the determination of their metabolic profiles because they are exactly defined .for 
individual isoforms and allow for working imder standardized, reproducible conditions. In 
addition, in accordance with the results obtained from the hCYP2D6 specific hydroxylation 
of bufuralol it could be demonstrated according to the present invention that carriers of 
alleles hCYP2D6'^17 and particularly of hCYP2D6^10 developed markedly lower plasma 
levels of 4-hydroxy-tamoxifen than carriers of the other functional alleles. Because 4- 
hydroxy tamoxifen is at least 100 times more potent as an anti-estrogenic substance than 
tamoxifen itself, individual differences in the formation of this active metabolite may have a 
substantial clinical impact on the therapeutic effect. 

Thus, another aspect of the present invention relates to a method of preclinical drug 
development using the test system according to the present invention. For this purpose, in 
vitro studies shall indicate hCYP2D6 polymorphism-dependent differences in the in vivo 
metabolism of different compounds including drugs such as tamoxifen. Presumably, marked 
inter-individual differences in metabolic processing which lead to the formation of 
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pharmacologically less active or more potent metabolites such as the formation of 4-hydroxy 
tamoxifen from tamoxifen must be considered in establishing the therapeutical dose. 

Furthermore, the test system according to the present invention enables the identification of 
individuals who belong to a risk group due to the metabolic activity or deficiency of the 
specifically expressed forms of cytochrome P450 2D6. Such individuals are for example 
characterized by a metabolic conversion of xenobiotics into toxic, mutagenic, or 
cancerogenous forms or by a lack of detoxification of drugs or other xenobiotics. 

To measure the 4-hydroxylation of tamoxifen, the cells of the test system according to the 
present invention or e.g. a homogenate thereof are reacted with tamoxifen. The reaction 
product, 4-hydroxy-tamoxifen, may then be determined using well-known methods. 
Differences in the amount of reaction product between the different cell lines of the test 
system of the present invention demonstrate whether tamoxifen is metabolized, poorly 
metabolized or not metabolized at all by the different forms of human cytochrome P450 2D6. 

According to the present invention there is provided a method for drug screening using the 
test system according to the present invention of cytochrome P450 2D6 expressing cell lines. 
By using the method it will be possible to find substances which are metabolized or not 
metabolized by the various forms or by specific forms of human cytochrome P450 2D6. For 
this purpose, a substance to be tested is contacted successively with the different cell lines of 
the test system of the present invention, and a metabolic product is measured. The presence 
of a- metabolic product indicates that the respective form of human cytochrome P450 2D6 is 
capable of metabolizing the substance. Thus, v^th this method according to the present 
invention it is possible to find new drugs which are derivatives of already known compounds 
and keep a pharmacological effect while being less metabolized or not metabolized at all. 
Moreover, this method enables the discovery of substances which show better metabolization 
and thereby ensure a faster detoxification of the body. 

For example, different modified forms of tamoxifen which preferably have a 
pharmacological activity may be contacted with the cells of the test system according to the 
present invention or e.g. a homogenate thereof and may be reacted therewith. The amount of 
specific metabolites being the reaction products, such as a 4-hydroxylated form, indicates 
whether a modified form of tamoxifen is metabolized well or poorly by the different or by 
specific forms of human cytochrome P450 2D6. 

Another aspect of the present invention relates to a method for the detection of novel alleles 
of hCYP2D6. According to this aspect of the present invention the heterologous expression 
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of an allele in question is carried out. A preferred cell for expression generally lacks any 
cytochrome P450 activity. The level of expression and the enzyme kinetic properties of the 
expression system preferably correspond to both the physiological situation and to that of 
similar expression systems. A preferred expression system are eukaryotic cells, particularly 
mammalian cells, and most conveniently fibroblast cells. In one embodiment the cells are 
derived form Chinese hamster, and preferably are lung fibroblast cells of the Chinese 
hamster oder derived therefrom, particularly V79 cells and more preferably the subclone 
V79MZ. In a preferred embodiment cDNA is expressed. Subsequently, the cell line 
expressing the allele in question is tested with respect to the metabolism of one or more 
compoimds including drugs such as tamoxifen and compared to the metabolism of the test 
system according to the present invention which preferably expresses three to five of the 
hCYP2D6 alleles *7, *2, *70 and *77. Marked differences in the formation of specific 
metabolites such as the formation of 4-hydroxy-tamoxifen indicates that the allele in 
question is a novel hCYP2D6 allele. Then, the allele in question or the novel allele and the 
expressed gene product may be further analyzed according to known methods including a 
determination of the nucleic acid sequence and the encoded amino acid sequence. By 
comparison to the already known hCYP2D6 alleles the novel allele may be fiirther 
characterized and differences in nucleic acid sequence such as mutations, insertions, or 
deletions, or in the amino acid sequence such as substitutions, insertions, or deletions may be 
determined. 

Another aspect of the present invention relates to a method for the simple and exact 
quantification of the cj^ochrome P450 content, particularly of the hCYP2D6 content . by 
means of CO difference spectra. By solubilization of cytochrome P450 with the non-ionic 
detergent emulgen 913 and subsequent centrifiigation to minimize the turbidity of the 
solubilisate the sensitivity of the measuring procedure is increased by a factor of 3000 as 
compared to known measuring procedures on the basis of CO difference spectra. 

In a preferred embodiment the quantification of the cytochrome P450 content is carried out 
in a cellular expression system such as the expression system according to the present 
invention. The method of quantification of the present invention preferably enables a direct 
comparison of polymorphic forms of hCYP2D6. Using the method according to the present 
invention it will be possible to take CO difference spectra in a cellular system while 100 
times less cells than before may be used. The exact quantification of cytochrome P450 using 
the method of the present invention enables a comparison of orthologous or polymorphic 
isoforms under defined conditions. 

Preferably, the method according to the present invention comprises the following steps: 
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(a) preparation of cell homogenate; 

(b) addition of emulgen 913 to the cell homogenate; 

(c) removing insoluble material; 

(d) determination of the reduced spectrum; 

(e) saturation with carbon monoxide; 

(f) measurement of the CO/reduced spectrum; 

(g) evaluation of the cytochrome P450 content by means of the spectra. 

From the two spectra obtained the CO/reduced versus the reduced spectrum (CO difference 
spectrum) is evaluated as in step (g), and the concentration of cytochrome P450 and 
cytochrome P420 is derived therefrom. 

Preparation of the cell homogenate is preferably performed by shock freezing and disrupting 
the cells in liquid nitrogen. Preferably, protease inhibitors such as PMSF are added to the cell 
homogenate. It is preferred to carry out the addition of emulgen 913 in step (b) together with 
a buffer such as 100 mM sodium hydrogenphosphate, pH 7.4, 10% (v/v) glycerol. In a 
preferred embodiment emulgen 913 is added in a final concentration of 0.25% (w/v). After 
addition of emulgen 213 the membrane-bound cytochrome P450 is solubilized preferably by 
stirring on ice, and the insoluble material in step (c) is removed by centrifugation. Prior to 
measurement, the suspension without insoluble material may be reduced by sodium 
dithionite. Preferably, the spectra are recorded between 400 and 500 nm, and extinction 
coefBcients of 91 mM'^cm"' and 110 mM"*cm"* are used for the calculation of the 
concentrations of cytochrome P420 and cytochrome P450, respectively. 

The abbreviations used herein have the following meanings: 

Besides abbreviations used according to Duden, the conventional codes for amino acids and 
nucleotides as well as the common abbreviations for restriction enzymes, polymerases etc. 
were used. 



A absorption 

APS ammoniumpersulfate 

bp base pair(s) 

BSA bovine serum albumine 

cDNA complementary deoxyribonucleic acid 

CMV cytomegalovirus 

Cyt hs cytochrome bs 
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Cytc cytochrome c 

CYP cytochrome P450 protein, mRNA, cDNA 

CYP cytochrome P450 gene 

CYPOR NADPH-dependent cytochrome P450 oxido-reductase 

Da Dalton 

DEPC diethylpyrocarbonate 

DMEM Dulbecco's modified Eagle's medium 

DMSO dimethylsulfoxide 

DNA deoxyribonucleic acid 

dNTP deoxynucleoside triphosphate 

ECL enhanced chemiluminescence 

E. coli Escherichia coli 

EDTA ethylenediaminetetraacetate 

EM extensive metabolizer 

PCS fetal calf serum 

FITC fluoresceine isothiocyanate 

G4 1 8 geneticin 4 1 8 sulfate 

H homogenate 

HEPES N-(2-hydroxyethyl)-piperazine-N'-2-ethanesulfonic 



acid 

intermediate metabolizer 
kilo base pairs 
kilo Daltons 

Michaelis Menten constant 

Luria broth 

low molecular weight 

long terminal repeat 

myeloproliferative sarcoma virus 

metabolic ratio 

relative molecular weight 

nicotinamide adenine dinucleotide phosphate, 



oxidized 

NADPH + H"*" nicotinamide adenine dinucleotide phosphate, reduced 

OD optical density 

P pellet 

PAGE polyacrylamide gel electrophoresis 

PBS phosphate buffered saline without Mg^"*" and Ca^"^ 

PGR polymerase chain reaction 



IM 

kbp 

kDa 

Km 

LB 

LMW 
LTR 
MPSV 
MR 

M, 

NADP"" 
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PEG 
pKb 
PMSF 
PM 
RSV 
SDS 
SV40 
TAM 
TEMED 
Tris 
TRITC 
TSS 
U 

UM 
rpm 

V79 cells 
V79MZ cells 
V79MZCYP cells 

V79MZh2D6 cells 

Vmax 

% (m/v) 
% (v/v) 

Abbreviations of species: 

b bovine 
h human 
m murine 
r rat 

f fish {Stenotonus chrysops) 

The invention is further explained with respect to the following drawings: 

Figure 1 shows the structure of hCYP2D6 cDNAs expressed according to the present 
invention. The wildtype cDNA hCYP2D6*l encodes native hCYP2D6 1 with Val374 
(GenBank # gl81349; SwissProt # P10635; Crespi et al, 1995; Gonzalez et al, 1988). The 



polyethylene glycol 
base exponent 

phenylmethylsulfonylfluoride 
poor metabolizer 
rous sarcoma virus 
sodiximdodecylsulfate 
simian virus 40 
tamoxifen 

N, N, N', N'-tetramethylenediamine 

tris-(hydroxymethyl)-aminomethane 

tetramethyl rhodamine isothiocyanate 

transformation storage solution 

unit(s) (enzyme unit(s)) 

ultrarapid metabolizer 

rotations per minute 

V79 Chinesische hamster fibroblasts 

V79 Chinesische hamster fibroblasts, Mainz subclone 

genetically engineered V79MZ cells heterologously 

expressing cytochrome P450 

genetically engineered V79MZ cells heterologously 
expressing human cytochrome P450 2D6 
maximal reaction rate 
weight percent 
percent by volume 
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mutations in cDNAs hCYP2D6*2, *9, *10 and *17 with respect to the wildtype cDNA 
hCYP2D6* 1 are indicated. The positions are nximbered according to Kimura et al (1989). 

Figure 2 shows the structure of the original vector pSV450r2Bl (Doehmer et al., 1988). The 
vector contains the following elements: fragment EcdK l-BamH I: from monkey virus SV40 
(GenBank # J02400; Fiers et al. 1978); fragment BamH l-Pvu II: expression cassette which 
must be stably integrated into the genome of V79 cells; fragment BamH l-Bgl II: contains 
the early SV40 polyadenylation signal derived from SV40; fragment Bgl ll-Hind III: inserted 
cDNA; fragment Hind III— Pvw 11: contains the early SV40 promoter derived from SV40; 
fragment Pvu Il-EcoR I: from pBR322 (GenBank # JO 1749). 

Figure 3 shows the expression vector pSV450h2D6 for the expression of hCYP2D6 cDNAs; 
cf. Figure 1. Expression vector pSV450h2D6 was linearized with Sea I prior to transfection. 

Figure 4 shows expression vector pcDNA3.1Hygro(+)h2D6. The cDNA is under the control 
of the cytomegalovirus (CMV) promoter. The hygromycin B resistance gene is regulated via 
the early SV40 promoter. Both expression cassettes must be stably integrated into the 
genome of V79 cells. The vector was linearized with Ssp I prior to transfection. 

Figure 5 shows the linker regions between the early SV40 promoter and the hCYP2D6 
cDNA as well as between the hCYP2D6 cDNA and the early SV40 polyadenylation 
sequence in expression vector pSV450h2D6. The Kozak sequence is important for a high 
rate of translation of the mRNA (Kozak, 1 987; Kozak, 1 990). - - 

Figure 6 shows the relative positions and orientations of the primers used in the present 
invention with respect to plasmid pSV450h2D6. Primers 16298 and 16299 are 
complementary to the ends of template 16300, primers 19176 and 19177 to the ends of 
template 19183. Primers 18383 and 18384 are complementary to regions approx. 50 base 
pairs upstream and 30 base pairs downstream, respectively, of the polylinker of vector 
pcDNA3.1Hygro(+). 

Figure 7 shows a light micrograph of parental V79MZ cells using phase contrast at an 
enlargement of x200 and a confluence of almost 50% (left) and 100% (right). The cells grow 
as a flat layer adherent to the bottom and have numerous nucleoli. Mitotic cells, in the ideal 
case about 3% of all cells, have temporary rounded shapes. 

Figure 8 illustrates the morphological alterations of V79MZ cells due to the transfection with 
respect to clones V79MZh2D6*9#C6 (a), V79MZflAl#2 (b) and V79MZh2El#13 (c) as 
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examples in comparison to parental V79MZ cells (d) in phase contrast at an enlargement of 
x200. 

Some of the cells were strongly enlarged, rounded and remarkably often polyploid (b and c). 
A fraction of 2-3% of dead cells (light spots in a, b, and c) was present during the whole 
cultivation. The doubling time was increased. In some cases the confluence did not exceed 
approx 70 % even during continuous cultivation (b and c). Clones showing morphological 
alterations were discarded. 

Figure 9 shows an in situ immimofluorescence micrograph. 

a) control mixture: V79MZh2D6* 1-S cells show an intense color in contrast to 
parental V79MZ cells; 

b) homogenous clone V79MZh2D6*2; 

c) Confocal Laser Scanning Microscopy for detecting the localization of hCYP2D6 in 
the endoplasmic reticulum; 

d-f) double staining of the homogenous clone V79MZh2D6* 1 -hOR: hC YPOR shows a 
red color (d), hCYP2D6 1 is stained in green (e). In double exposures of the film the 
two superimposed colors appear as yellow (f); 

g-h) control mixture for double staining: in double exposures V79MZh2D6*l-hOR cells 
appear yellow (i), V79MZh2D6*l cells are red, and V79MzhOR cells are green. 

Figure 10 shows an acetonitrile gradient for the separation of tamoxifen and its metabolites. 
The eluent A used was water, 1% acetic acid, and the eluent B was acetonitrile, 1% acetic 
acid. - - , . 

Figure 1 1 shows a Western blot of the V79MZh2D6 cell lines according to the invention. 5 
|Ltl of each cell homogenate corresponding to 5-15 |ag of cellular protein were applied. 

Figure 12: Solubilization with emulgen 913. A. CO difference spectrum of cell line 
V79MZh2D6*l after solubilization in emulgen 913 compared to the negative control 
V79MZmockneo- The characteristic peak at 450 nm was shifted to blue for about 1.8 nm by 
the solubilization. B. Western blot to confirm the quantitative solubilization of cytochrome 
P450. Applied were about 5 |Lig each of cellular protein of the solubilized cell homogenate 
prior to centrifiigation (H), of the solubilisate after centrifugation (S), and of the pellet 
resuspended in the same volume (P). 

Figure 13 shows CO difference spectra of cell line V79MZhl Al taken at 0, 5, 15, 30 and 60 
min after saturation of the sample with carbon monoxide. With increasing time cytochrome 
P450 is degraded to cytochrome P420 by reactive oxygen species. 
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Figure 14: Effect of quinidine on the stability of hCYP2D6. A. CO difference spectra of cell 
line V79MZh2D6*9 after cultivation with and without quinidine in culture medium. B. 
Western blot of solubilized cell homogenate prior to centrifugation. For comparison 
purposes, 5 \xg of cellular protein each of cells grown in culture medium without (-Q) and 
with quinidine (+Q) were applied. 

Figure 15 shows the hydroxylation of bufuralol. A: structural formula of bufuraloL (+)- 
bufuralol is hydroxylated at Cr, (-)-bufuralol is hydroxylated at C4. B: HPLC profile after 
incubation with a homogenate of cell line V79MZh2D6*l (left) in comparison to the 
negative control V79MZmockneo (right). The retention time was approx. 8 min for hydroxy- 
bufuralol and approx. 22 min for bufuralol. 

Figure 1 6 shows the inhibition of bufuralol hydroxylation by the hC YP2D6-specific inhibitor 
quinidine using hCYP2D6*l as an example. 

Figure 17 shows the kinetics of the 1 '-hydroxylation of (+)-bufuraloI measured with 
homogenate of the cell lines V79MZh2D6*l, *2, *9, *10 and *17. 

Figure 1 8 shows the structural formulas of the clinically administered Z-tamoxifen (left) and 
its configuration isomer E-tamoxifen (right). The position of the 4-hydroxylation on Z- 
tamoxifen is indicated. 

Figure 19 shows an HPLC/MSD profile after incubation with homogenate of cell line 
V79MZh2D6*l (left) in comparison to the negative control V79MZmockneo (right). The 
retention times were about 5.5 min and 6.2 min for E-tamoxifen and Z-4-hydroxy-tamoxifen, 
respectively, about 8.4 min for tamoxifen- 1,2-epoxide, and about 10.4 min for tamoxifen-//- 
oxide. The peaks at 2.1 min and 6.8 min could not be assigned unambiguously since no 
appropriate standards were available. 

Figure 20 shows the relationship between the hCYP2D6-catalyzed 4-hydroxylation of 
tamoxifen and the concentrations of DMSO and tamoxifen. The mean values and standard 
deviations from three independent measurements (2.5 % DMSO) and the mean values of a 
single measurement series (10 % DMSO), respectively, are given. 

Figure 21 shows the kinetics of the hCYP2D6-catalyzed 4-hydroxylation of tamoxifen 
measured with homogenates of cell lines V79MZh2D6*l, *2, *9, *10 and *17 using 2.5 % 
DMSO as solubilizing agent. The onset slope is linear up to the solubility limit of tamoxifen 
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at 50 |iM. The slope of the regression line corresponds to Clint. The mean values and 
standard deviations from three independent measurements are given. 

Figure 22 shows HPLC/MSD profiles after incubation with hCYP2C9*l-hOR and 
hCYP3A4-hOR "supersomes" as well as v^th homogenate of cell line V79MZh2D6* 1 in 
comparison to the negative control V79MZmockneo. 

Figure 23 schematically shows a detail of the metabolism of Z-tamoxifen in human liver. 
The 4-hydroxylation reaction of tamoxifen is highlighted horizontally while the different 
metabolites tested having modifications at the nitrogen are highlighted vertically. Adapted 
according to (lARC, 1996). 

Figure 24 shows a 3D homology model of the binding of bufuralol and tamoxifen to the 
active site of hCYP2D6 according to Lewis (1998), Shown are the two substrates, the oxygen 
atom transferred to the substrate, the water bridges stabilizing the substrate in the active site, 
and the characteristic ionic interaction between the protonated nitrogen of the substrate and 
Aspsoi or GIU2163 respectively, of the enzyme. 

Examples: 

The following Examples illustrate the present invention but should not be construed as 
limiting. 

Example 1: Vector construction for the stable expression of hCYP2D6 gDNAs in V79 
Chinese hamster cells 

According to the present invention, three strategies were used for the stable expression of 
hCYP2D6 cDNA in V79 Chinese hamster cells: 

• Cotransfection of the pSV450h2D6 expression vector and the neomycin resistance 
Plasmid pSV2neo (Clontech Laboratories, Inc., Palo Alto, CA) and selection with 
geneticin 418 (geneticin 418-sulfate; Calbiochem-Novabiochem Corp., La JoUa, CA) 
according to Doehmer et al. (1988). 

• Transfection with plasmid pcDNA3.1Hygro(-i-)h2D6 and selection with hygromycin B 
(Boehringer Mannheim GmbH, Maimheim). The cDNA and the hygromycin resistance 
were combined on one vector to reduce the amount of DNA necessary for transfection and 
to examine the effect on chromosomal integrity following transfection. Furthermore, the 
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direct coupling of cDNA and resistance gene was performed to increase the fraction of 
positive clones obtained after transfection. 

• Cotransfektion of expression vector pSV450h2D6 and plasmid pRc/RSVhCYPOR 
(Schneider et al., 1996) and selection with geneticin 418 according to Schneider et al. 
(1996). Vector pRc/RSVhCYPOR carries a neomycin resistance gene and a hCYPOR 
cDNA. The coexpression of hCYP2D6 with hCYPOR was performed to demonstrate 
whether the endogenous amoimt of CYPOR in V79MZ cells is sufficient for maximal 
hCYP2D6 activity. 

The cDNAs for the alleles hCYP2D6*l in pBIuescript SK(+) (Stratagene, Heidelberg), 
hCYP2D6*2 in pVL1393 (Invitrogen Corp., Carlsbad, CA), hCYP2D6*9 in M13mpl9 
(Stratagene, Heidelberg) and hCYP2D6*10A in M13mpl9 were provided courtesy of Dr. U. 
M. Zanger (Dr. Margarete Fischer-Bosch-Institut, Stuttgart). The alleles are shown in Figure 
1 and may be obtained also by means of standard methods. 

A. Construction of pSV450 polylinker vectors 

For a stable transfection of V79 Chinese hamster cells the expression vector pSV450 
(Doehmer et al., 1988) was used. To simplify the cloning of cDNAs into this vector, the 
pSV450 vectors were constructed with different polylinkers. In a first step, the polylinkers 
for vectors pSV450HB and pSV450HK were generated by means of PGR (Saiki et al., 1988) 
according to PCR#1 and for vector pSV450HS by means of touch down PGR according to 
PCR#2. . .. 

• PCR#1 

Sample: primer: 1.4 ^l 16298 (25 mM), 1.4 \x\ 16299 (25 mM); template: 1 |il 16300 (40 
^iM); 1 fil dNTPs (20 mM); 0.4 \x\ Tag DNA polymerase (5 U/|il, QIAGEN, Hilden); 2.5 nl 
PGR buffer (lOx); ad 25 ^1 with water 

PGR device: Gene Amp PGR System 2400 (Perkin Elmer, Norwalk CT., USA) 
temperature program: 2 min 48°C, 1 min 72°G (Ix); 1 min 94°C, 1 min 55°G, 1 min 72°G 
(30x); 10 min 72°G (Ix) 
amplificate: 84 bp 

• PCR#2 

Sample: primer: 1.4 ^il 19176 (25 mM), 1.4 ^l 19177 (25 mM); template: 1 \i\ 19183 (40 
]iM); 1 ^il dNTPs (20 mM); 0.4 ^l Taq DNA polymerase (5 U/^il, QIAGEN, Hilden); 2.5 nl 
PGR buffer (lOx); 5 nl solution Q (5x); ad 25 |ul with water 
PGR device: Gene Amp PGR System 2400 (Perkin Elmer, Norwalk GT., USA) 
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temperature program: 1 min 94°C (Ix); 1 min 94°C, 1 min 62°C 52°C, 2 min 72°C (lOx, 

annealing temperature decreases in steps of 1°C); 1 min 94°C, 1 min 52°C, 2 min 72°C 
(35x); 10min72°C(lx) 
amplificate: 1 14 bp 

Sequences of primers and templates: 

16298 : 5'-TAGACAAGCTTGGATCCATG-3' 

16299 : 5'-GCTATAAGCTTAGATCTCGG-3' 

16300 :5'- 

TAGACAAGCTTGGATCCATGGTACCGAGCTCGAGTCGACTGCAGTTAACTC 
TAGATCGATGCGGCCGAGATCTAAGCTTATAGC-3' 

19176 : 5'-GCATTAAGCTTAAGTCGACC-3' 

19177 : 5'-CCGTATGATCACTAGTAGATC-3' 
19183 : 5'- 

GCATTAAGCTTAAGTCGACCGGTACCGTACGCTAGCGAATTCCGGATATCG 

ATGGCGCGCCGCGGCCGCTCGAGCTCTAGACGCGTGGATCCAGATCTACTAGTG 

ATCATACGG-3' 

From the original vector pSV450r2Bl (Figure 2; Doehmer et al, 1988) the rCYP2Bl cDNA 
was cut out by Hind III and Bgl II and the respective poly linker (PCR#1 digested with Hind 
m and Bgl II; PCR#1 digested with Hind III and BamU I; PCR#2 digested with Hind III and 
Bel I) was inserted by ligation. The novel vectors were named pSV450HB, pSV450HK and 
pSV450HS. The polyhnkers of vectors pSV450HB, pSV450HK and pSV450HS have the 
structures shovm below. All restriction sites mentioned are unique sites in the vectors. 

pSV450HB: Hind lU-Kpn VAsp llS-Sac VEcl 136-Xho VAva l-Sal l-Hpa l-Xba l-Cla l-Xma 
m-Bgl II 

pSV450HK: Hind lll-Bgl W-Xma lll-Cla l-Xba l-Hpa l-Sal l-Xho l/Ava l-Sac VEcl \36-Kpn 
VAsp 7 IS 

pSV450HS: Hind lll-Afl U-Sal l-Age l-Kpn II Asp lU-BspM ll-EcoK V-Cla l-BssU. l-Asc I- 
Sac ll-Xma UI-Not l-Xho VAva l-Sac VEcl \36-Xba l-Mlu l-BsaB l-Bgl ll-Spe I 

Thus, in combination with PGR which enables the addition of compatible ends to each 
cDNA the construction of novel pSV450 expression vectors can be performed in the future 
without time consuming intermediate cloning steps. To ensiire an optimal translation of the 
heterologous mRNA after transfection into V79MZ cells, the integrity of the Kozak sequence 
should be taken into account during cloning and this sequence should be optimized, 
respectively (Kozak, 1987; Kozak, 1990). 
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B. Construction of the vectors pSV450h2D6*l, *2, *9, *10 and *17 
pSV450h2D6*l, *9 and *10 

The cDNAs hCYP2D6*l in pBluescript SK(+), hCYP2D6*9 in M13mpl9 and 
hCYP2D6*10A in M13mpl9 were excised from their original vectors by means of BamH I 
and EcoR I and subcloned into vector pIC19H (ATCC, Manassas, VA) which previously was 
digested also with BamH I and EcoR I. The novel vectors were named pICh2D6*l, *9 and 
*10. Restriction of these vectors with Hind III and Bgl II generated cDNAs with compatible 
ends for ligation into expression vector pSV450. The novel expression vectors were called 
pSV450h2D6*l, *9 and * 10. 

According to the present invention, to confirm successful ligation of the cDNA into vector 
pSV450 the clones obtained after transformation of E. coli with pSV450 cDNA vectors were 
picked with a toothpick, resuspended in 10 |al of sterile water and subjected to the following 
PGR: 

• PCR#4: Control PCR for successful ligation of a cDNA into vectors pSV450, 
pSV450HB, pSV450HK and pSV450HS 

Sample: primer: 1.4 \x[ 20261 (25 mM), 1.4 ^1 20262 (25 mM); template: 2 ^il E. coli- 

suspension; 1 |il dNTPs (20 mM); 0.2 ^1 Taq DNA polymerase (5 U/^1, QIAGEN, Hilden); 

2.5 |iil PCR buffer (lOx); ad 25 |il with water; 1 drop of silicone oil 

PCR device: Gene Amp PCR System 2400 (Perkin Elmer, Norwalk CT., USA) 

temperature program: 3 min 94°C (Ix); 0.5 min 94°C, 1 min 56°C, 2 min 72°C (30x); 10 

min 72°C(lx) 

Amplificate: If vector pSV450 contains an insert between the restriction sites for Hind III 
and Bgl II, the length of the amplificate will be 72 bp + insert bp. If no insert is present, a 
fragment of 72 bp will be amplified. For vectors pSV450HB, pSV450HK and pSV450HS 
which contain the polylinker the "72 bp fragment" is extended correspondingly. 

Primer sequences: 

20261 : 5'-TATTCCAGAAGTAGTGAGG-3' 

20262 : 5'-ATCACCGAGCTGAGAAGC-3' 

pSV450h2D6*2 

hCYP2D6*2 cDNA was excised from vector pVL1393 (hivitrogen Corp., Carlsbad, CA) 
with Hind III and Kpn I and subcloned into vector pICh2D6*10 which previously was also 
digested with Hind III and Kpn I. From the novel vector pICh2D6*2 the cDNA was excised 
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again with Hind III and Bgl II and cloned into expression vector pSV450 (Doehmer et al., 
1988). This vector was named pSV450h2D6*2. 

pSV450h2D6*17 

Allele hCYP2D6'^17 differs from allele hCYP2D6*2 only in the mutation CmiT. This 
mutation is located immediately upstream of an Xho II restriction site (Figure 1). Therefore, 
the cDNA of hCYP2D6*17 could be obtained from the hCYP2D6*2-cDNA by site, directed 
point mutagenesis: a cDNA fragment with a length of 362 bp carrying the mutation CniiT 
was synthesized according to PCR#3 and digested with Hind III and Xho 11. 

• PCR#3 

Sample: primer: 1.4 16094 (25 mM), 1.4 |il 16095 (25 mM); template: 1 ^il 
pSV450h2D6*l (15.5 ng/^il); 1 ^il dNTPs (20 mM); 0.125 |il Red Hot DNA Polymerase (5 
U/|J.l, Advanced Biotechnologies Ltd., Surrey, England); 2.5 (il reaction buffer IV (lOx); 1.5 
111 magnesium chloride (25 mM); ad 25 |li1 with water; 1 drop of silicone oil 
PGR device: Genius (Techne Ltd., Duxford Cambridge, England) 

temperature program: 1 min 94°C (Ix); 1 min 94°C, 2 min 55°C, 3 min 72°C (30x); 10 min 
72°C (Ix) 
amplificate: 362 bp 

Primer sequences: 

16094 : 5'-AGACGTGAAGCTTGCCGCCACCATGGGGCTA-3' 

16095 : 5 '-CAGGACGTAGAATGGATCTGGATGATGGGCAC-3 ' 

The second cDNA fragment was obtained from plasmid pICh2D6*2 using Xho II and Bgl 11. 
In a three-component ligation, both cDNA fragments were cloned together with Hind III and 
Bgl II restricted expression vector pSV450. The novel vector was called pSV450h2D6* 17. 

C, Construction of vectors pcDNA3.1Hygro(+)h2D6*l, *2, *9,*10 and *17 

The cDNAs hCYP2D6*l, *2, *9, *10 and *17 were excised from the respective 
pSV450h2D6 plasmid using Hind III and Bgl II and cloned into the expression vector 
pcDNA3.1Hygro(+) (Invitrogen Corp., Carlsbad, CA) digested with Hind III and BamH I. 
The novel vectors were called pcDNA3.1Hygro(-f')h2D6*l, *2, *9, *10 and *17. 

To confirm the successful ligation of the cDNA into vector pcDNA3.1Hygro(+) the clones 
obtained following transformation of E. coli with pcDNA3 . 1 Hygro(+) cDNA vectors were 
picked with a toothpick, resuspended in 10 |li1 of sterile water and subjected to the following 
PCR: 
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• PCR#5: Control PCR for successful ligation of a cDNA into vector pcDNA 
3.1Hygro(+) 

Sample: primer: 1,4 18383 (25 mM), 1.4 ixl 18384 (25 mM); template: 2 \xl E. coli 
suspension; 1 ^il dNTPs (20 mM); 0.2 |il Taq DNA polymerase (5 U/^il, QIAGEN, Hilden); 
2.5 \x\ PCR buffer (lOx); ad 25 |li1 with water 

PCR device: Gene Amp PCR System 2400 (Perkin Elmer, Norwalk CT., USA) 

temperature program: 3 min 94*=*C (Ix); 0.5 min 94°C, 1 min 56°C, 2 min 72°C (30x); 10 

min 72^C(lx) 

amplificate: If the vector pcDNA3.1Hygro(+) contains an insert the length of the amplificate 
will be 200 bp + insert bp. If no insert is present a fragment of 203 bp will be amplified. 

Primer sequences: 

18383 : 5'-CACTGCTTACTGGCTTATCG"3' 

18384 : 5'-ACTAGAAGGCACAGTCGAGG-3' 

Example 2: Transfection 

According to the present invention, parental V79MZ cells were transfected with recombinant 
expression vectors by potassium phosphate coprecipitation (Graham and Van der Eb, 1 973 ; 
Parker and Stark, 1979). 

. According to the invention, V79MZ cells were cultured at 37°C, 7% CO2 and a humidity of 
90% in tissue culture flasks (94/16 mm or 145/20 mm tissue culture dishes and 50 ml or 250 
ml tissue culture flasks obtained from Greiner GmbH, (Frickenhausen); 24 well and 96 well 
tissue culture microtiter plates obtained from Nunc Inc. (Naperville, IL)) having a special 
coating in DMEM culture medium with increased glucose (4.5 g/1). In addition, the DMEM 
culture medium was supplemented with 1 mM sodium pyruvate, 4 mM L-glutamine, 10% 
FCS, 100 U/ml penicillin, and 100 |ag/ml streptomycin ("complete medium"). Following 
transfection, geneticin 418- or hygromycin B-resistant V79MZ cell clones were cultured in 
complete medium with 0.5 mg geneticin 418/ml, or complete medium with 0.4 mg 
hygromycin B/ml, respectively. 

For transfections, the amounts of DNA used were added with 500 |j.l HEPES (Gibco BRL, 
Eggenstein) buffered saline (137 mM sodium chloride, 6 mM dextrose, 5 mM potassium 
chloride, 0.7 mM sodium hydrogen phosphate, 20 mM HEPES, pH 7.0), By addition of 26 |il 
of 2.5 M calcium chloride solution and incubation for 30 min at room temperature the DNA 
was coprecipitated on calcium phosphate. The precipitate was added drop wise to a culture of 
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1.5-2 X 10^ parental V79MZ cells in a 145/20 mm tissue culture dish. After carefiil mixing 
and incubation for 4 hours at 37°C, the cells were incubated for 2 min with 15% (v/v) 
glycerol in complete medium to increase the effectiveness of DNA uptake. Subsequently, the 
glycerol was removed by aspiration of the medium and washing twice with 7 ml each of 
complete medium. Since the cells have to pass through the cell cycle for stable integration of 
foreign DNA into their genome they were first incubated for about 36 h in complete medium 
without G418 or hygromycin B. Afterwards, the cells were carefially trypsinized, suspended 
in 1 mg of 1 mg/ml G418 complete medium or 0.4 mg/ml hygromycin B complete medium, 
respectively, and distributed on three 96 well tissue culture microtiter plates. Only cells 
which had taken up a resistance gene against G418 or hygromycin, respectively, during 
transfection with the vectors were able to survive (Mulligan and Berg, 1981). After 10-14 
days the resistant cell clones could be observed. Individual clones were trypsinized directly 
in the well and half of the cells were removed for in situ immunofluorescence. 

The clonality and stability was confirmed by repeated subcloning and passaging (the majority 
of the trypsinized cells was discarded or transferred to new culture flasks) of the novel cell 
lines as well as by repeated in situ immunofluorescence and determination of the enzymatic 
activity. 

The different transfection samples T1-T14 performed according to the present invention as 
well as the cell lines are summarized in Table 2. 

• Construction of cell lines W9MZh2D6*l, *2, *9, *10 and *17: 

30 \ig of Sea I linearized pSV450h2D6*l, *2, *9, *10 or *17 DNA and 1 |ag of EcoK I 
linearized pSV2neo DNA were transfected. In transfections of resistance vector pSV2neo, 
the expression vector pSV450h2D6 was used in a 30fold excess to increase the probability of 
obtaining a geneticin 418-resistant and at the same time hCYP2D6-expressing clone (TI- 
TS). 30—50 resistant clones were obtained per sample. On average, one of 50 clones showed 
a homogenous expression of hC YP2D6 while about half of the clones were heterogenous in 
the in situ immunofluorescence and the rest did not express hCYP2D6 at all. Cell lines 
V79MZh2D6*l, V79MZh2D6*2, V79MZh2D6*9, V79MZh2D6*10 and V79MZh2D6*17 
were deposited on February, 15, 2000, at the DSMZ-Deutsche Sammlimg von 
Mikroorganismen und Zellkulturen GmbH under the accession numbers DSM ACC2446, 
DSM ACC2447, DSM ACC2448, DSM ACC2449 and DSM ACC2450. 

• Construction of cell lines V79MZh2D6*l-H, *2-H, *9-H, *10-H and *17-H: 

3 |ig of Ssp I linearized pcDNA3.1Hygro(+)h2D6*l, *2, *9, *10 or *17 DNA was 
transfected. The combination of the cDNA and the resistance gene on a single vector enabled 
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a transfection with only 3 [xg of DNA (T6-T10). 10-30 resistant clones were obtained per 
sample. On average, one of 10 clones showed a homogenous expression of hCYP2D6 while 
about two thirds of the clones were heterogenous in the in situ immunofluorescence, the rest 
did not express hCYP2D6 at all. 

Thus, the amount of V79MZ clones showing a homogenous expression of hCYP2D6 could 
be enhanced by 5fold as compared to the cotransfection of pSV450h2D6 and pSV2neo. This 
is important for the present method because the identification of clones showing a 
homogenous expression of the cDNA is the time-limiting step in the construction of novel 
cell lines. 

• Construction of cell line V79MZh2D6*l-hOR: 

30 lag of Sea I linearized pSV450h2D6*l DNA and 1 [xg of Sea I linearized pRc/RSV- 
hCYPOR DNA were transfected. In comparison to cell line V79MZh2D6*l (Tl) the 
coexpression of hCYP2D6*l and hCYPOR (Til) should show whether the CYPOR content 
of V79MZ cells is sufficient for maximal hCYP2D6 activity. As in the case of transfection 
samples T1-T5, the expression vector pSV450h2D6*l was employed in a 30fold excess 
over resistance vector pRc/RSV-hCYPOR, With this approach, 34 resistant clones were 
obtained one of which showed a homogenous expression of both hCYP2D6*l and hCYPOR. 

• Construction of the mock-transf acted cell lines V79MZmockneo: 

The following transfections were carried out: 
a) 30 ^ig ofEcoR I linearized pSV2neo DNA 
h)l \xg of EcoR I linearized pSV2neo DNA 

c) 1 Jig of EcoR I linearized pSV2neo DNA and 30 \xg of Sea I linearized pSV450HB DNA 

Depending on the amount of DNA transfected, the chromosomal integrity of the recipient 
cell may be disturbed and chromosomal aberrations may be caused by recombination 
(Bradwell, 1989). Therefore, in the context of the construction of mock-transfected V79MZ 
cells the transfection was performed with various amounts of DNA. The karyotype of the 
resulting cell clones was characterized. 

If the transfection was carried out with only 1 ug pSV2neo (T13) as well as with 1 (ig 
pSV2neo and 30 |Lig pSV450HB (T14) the number of clones counted was the same as in 
samples (T1-T5). Thus, the addition of pSV450HB as a "carrier DNA" (Graham and Van der 
Eb, 1973; Strain and Wylie, 1984) had no effect on the number of geneticin 418-resistant 
clones. About 120 clones were obtained with 30 |ig pSV2neo DNA, i.e. a 30times higher 
amount of DNA yielded only 3-4times more clones. 

Among 3x6 randomly selected clones, one clone with altered morphology was identified in 
the microscope. A similar ratio was also observed for the other transfections. 
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Morphologically altered clones (Figure 8) were excluded from further characterizations and 
were discarded. 

The cell line V79MZmockneol30 was used as a negative control according to the present 
invention in addition to the parental V79 cells, hi the following it will be referred to as 
"V79MZmockneo". 





^eii line 


xieie roio go u s 


Hoc 


Expression 


Resistance 






cxp ression 




vector (pg) 


vector (fig) 


Tl 


V79MZh2D6*l 


hCYP2D6*l 


G418 


pSV450h2D6*l (30) 


pSV2neo(l) 


T2 


V79MZh2D6*2 


hCYP2D6*2 


G418 


pSV450h2D6*2 (30) 


pSV2neo(l) 


T3 


V79MZh2D6*9 


hCYP2D6*9 


G418 


pSV450h2D6*9 (30) 


pSV2neo(l) 


T4 


V79MZh2D6*10 


hCYP2D6*10 


0418 


pSV450h2D6*10(30) 


pSV2neo(l) 


T5 


V79MZh2D6*17 


hCYP2D6*17 


G418 


pSV450h2D6*17 (30) 


pSV2neo(l) 


T6 


V79MZh2D6*l-H 


hCYP2D6*l 


HyB 


pcDNA3.1Hygro(+)h2D6*l (3) 


T7 


V79MZh2D6*2-H 


hCYP2D6*2 


HyB 


pcDNAS . 1 Hygro(+)h2D6*2 (3) 


T8 


V79MZh2D6*9-H 


hCYP2D6*9 


HyB 


pcDNA3.1Hygro(+)h2D6*9 (3) 


T9 


V79MZh2D6*10-H 


hCYP2D6*10 


HyB 


pcDN A3 . 1 Hygro(+)h2D6 * 1 0 (3 ) 


TIO 


V79MZh2D6* 1 7-H 


hCYP2D6*17 


HyB 


pcDNA3.IHygro(- 


f)h2D6*17 (3) 



Til V79MZh2D6*l-hOR hCYP2D6*l G418 pSV450h2D6*l (30) pRc/RSV 

, . hCYPOR -hCYPOR(l) 



T12 V79MZmockneo30 G418 pSV2neo (30) 

T 1 3 V79MZmockneo 1 G4 1 8 pS V2neo ( 1 ) 

T14 V79MZmockneol30 G418 pSV450HB (30) pSV2neo(l) 

Table 2 

Summary of transfection samples and novel cell lines. 

Abbreviations: Res, resistance; G418, geneticin 418; HyB, hygromycin B 

Example 3: Characterization of the novel cell lines 

In situ immunofluorescence 

For the detection of the heterologous expression of hCYP2D6 and/or hCYPOR the clones 
obtained after transfection were characterized by in situ immunofluorescence (Figure 9). 
Only homogenous clones in which all cells were stained homogenously and intensely were 
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subjected to further cultivation. Other criteria for the selection were a structured stain 
showing the subcellular localization of hCYP2D6 and hCYPOR in the endoplasmic 
reticulum (Figure 9c) as well as a characteristic darker nuclear region. 

For the in situ immunofluorescence, 10"* cells of the clones to be tested were seeded on 
microchamber slides (Nunc Inc., Naperville, IL) and cultured for 24 h. Afterwards, the 
chambers were removed and the cells adhered on the slides were washed with PBS (Bio 
Whittaker, Verviers, Belgium) and incubated with icecold methanol/acetone (1:1) for 7 min 
for fixation, and then dried in air. The cells fixed in this manner were covered with 150 p.1 of 
primary antibody solution (polyclonal anti-hCYP2D6 antiserum 637.2 from rabbits, diluted 
1:200 in complete medium, provided courteously by Dr. U. M. Zanger, Dr. Margarete 
Fischer-Bosch-Institut, Stuttgart), covered with polyethylene foil and incubated for 90 min at 
room temperature. Subsequently, they were washed Stimes each for 10 min with PBS, 150 ^1 
of secondary antibody solution (FITC-coupled anti-rabbit IgG antibody from goat, 1.5 
mg/ml, diluted 1:125 in complete medium, Dianova, Hamburg) was applied, covered with 
polyethylene foil and incubated for 1 h at room temperature in the dark. After washing three 
times with PBS for 10 min each 100 |il of antifading'' reagent (100 mg p-phenylene 
diammoniumdichloride in 10 ml PBS and 80 ml glycerol) was applied and a cover slip was 
placed on top without capture of air bubbles. The samples were evaluated using a 
fluorescence microscope (Axioplan, Carl Zeiss, Oberkochen) with a set of standard filters at 
an excitation range of 450-490 nm. To demonstrate the subcellular localization of 
cytochrome P450, confocal sections were observed using a Laser Scarming Microscope LSM 
4.10 (Carl Zeiss, Oberkochen) with water immersion. The fluorescence was excited at-488 
nm and the emission detected at 515-565 nm. Accordingly, the cytochrome expressed 
accordingly showed a green stain. 

For detecting the coexpression of hCYPP2D6 and hCYPOR by double staining additionally 
anti-hCYPOR antibody from goat was added to the primary antibody solution (final dilution 
1:500 in complete medium). To avoid cross reactions a mixture of TRITC-coupled anti- 
rabbit IgG antibody from mouse (1,5 mg/ml, 1:125 dilution in complete medium. Pierce, 
Rockford, IL) and FITC coupled anti-goat IgG antibody from mouse (1.5 mg/ml, 1:125 
dilution in complete medium, Sigma, Deisenhofen) was used as secondary antibody solution. 
Subsequently in a double stain the oxidoreductase showed a green and the cytochrome P450 
showed a red stain. 

Selection of representative clones 

The in situ immunofluorescence identified 1-6 clones of each cell line which were 
homogenous with respect to their cDNA expression. For a detailed characterization and later 
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use, one representative clone for each transfection sample was selected from these clones. 
Positive criteria for the selection were an unchanged morphology and a doubling time similar 
compared to that of the parental cell line V79MZ. Eventually, clones were preferred which 
showed an intermediate hCYP2D6 activity. For this purpose, the specific hydroxylation of 
(4-/-)-bufuralol was measured for all clones. 

Clones with an intermediate hCYP2D6 activity were selected to minimize distortions in the 
allele specific activities due to the site of cDNA integration or a (rare) multiple integration 
since in contrast to a homologous integration the site of cDNA integration in the V79MZ 
genome is to a certain extend random (Schulz et al, 1987), So-called "chromatin effects" and 
adjacent sequence regions may affect the transcription of the integrated cDNA (Butner and 
Lo, 1986; Jaenisch and Jahner, 1984; Wahl et al., 1984). Therefore, the amount of hCYP2D6 
expressed in a heterologous manner and thus the enzyme activity per mg of cellular protein is 
dependent on the site of integration of the cDNA. 

Accordingly, the bufuralol hydroxylase activities of different clones of one cell line differed 
up to threefold. In the case of transfection samples T2 (cell line V79MZh2D6*2) and Tl 1 
(cell line V79MZh2D6*l-hOR) a selection with respect to the mean activity was impossible 
since only one clone in each sample fulfilled all other criteria. The clones selected are 
identical to the novel cell lines, and only these clones were subjected to a detailed 
characterization. 

Detection of the cDNAs integrated into the genome 

To confirm the genomic integration of the cDNAs transfected, the genomic DNA was 
-isolated from -cell lines V79MZh2D6*l, *2, *9, *10 and *17 (deposited on February, 15, 
2000, at the DSMZ-Deutsche Sammlung von Mikroorganismen und Zellkulturen GmbH 
under the accession numbers DSM ACC2446, DSM ACC2447, DSM ACC2448, DSM 
ACC2449 and DSM ACC2450), the hCYP2D6 expression cassette was amplified according 
to PCR#6 by means of touch down PGR in the form of an amplificate of 2198 and 2299 bp, 
respectively, and detected by means of gel electrophoresis. 

For the isolation of genomic DNA from V79MZ cells the V79MZh2D6 cells were grown in 
94/16 mm tissue culture dishes up to a confluence of almost 100%, the medium was 
removed and washed twice with 5 ml PBS. Afterwards, the genomic DNA was isolated using 
the QIAamp Blood Midi kit (QIAGEN, Hilden) according to the protocol of the 
manufacturer. 
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• PCR#6 

Sample: primers: 1.4 ^1 16014 (25 mM), 1.4 ^l 15889 (25 mM); template: 1 ^il of genomic 
DNA (approx. 0.2 ^g/^l); 1 |al dNTPs (20 mM); 0.5 ^1 Tag DNA polymerase (5 U/^l, 
QIAGEN, Hilden); 2.5 ^l PGR buffer (lOx); 5 ^1 solution Q (5x); ad 25 ^1 with water 
PGR device: Gene Amp PGR System 2400 (Perkin Elmer, Norwalk GT., USA) 
temperature program: 1 min 94°G (Ix); 1 min 94°G, 1 min 62°G -> 52°G, 3 min 72°C (lOx, 
annealing temperature decreases in steps of 1°G); 1 min 94°C, 1 min 52°C, 3 min 72''G 
(35x); 10min72°G(lx) 

Amplificate: Depending on the hGYP2D6 cDNA inserted an amplificate having a length of 
2198 or 2299 bp, respectively, is obtained. Without insert (mock transfection) the amplificate 
has a length of about 700 bp depending on the pSV450 vector integrated. 

Primer sequences: 

16014 : 5'-CAGAGGTTTTCACCGTCATC-3' 
15889 : 5'-GGAATGTGGTGTGAAGTAGA-3' 

To confirm the identity of the five alleles, the amplificates were sequenced using the primers 
16094 (5'-AGACGTGAAGGTTGCCGCCACCATGGGGGTA-3'), 15887 (5'- 
AGCTGGATGAGCTGCTAA-3') and 15888 (5'-ATCACCAACCTGTCATCGG-3'). This 
also served to simultaneously confirm the integrity of the transfected DNA which is 
extremely susceptible to mutations, particularly deletions, until it is integrated into the 
genome (Bradwell, 1989; Galos et al., 1983). 

Detection of the hCYP2D6 mRNA 

The transcription of the integrated hG YP2D6 cDNAs was verified on the level of mRNA by 
means ofRT-PGR#l. 

For the isolation of total RNA from V79MZ cells, the V79MZh2D6 cells were grown in 
94/16 mm tissue culture dishes until a confluence of about 90% was observed followed by 
removal of the medium and washing twice with 5 ml PBS. Subsequently, the total RNA was 
isolated using 1.5 ml of peqGOLD TriFast^*^ solution (peqLab Biotechnologie GmbH, 
Erlangen) according to the protocol of the meinufacturer. 

• RT-PCR#1 

The PGR was performed using the Access RT-PGR system (Promega Gorp., Madison, WI): 

Sample: primers: 2 nl 16093 (25 mM), 2 yd 17606 (25 mM); template: 0.5 ^1 of isolated total 
RNA (1-2 ^g/^l); 1 Ml dNTPs (10 mM); AMV reverse transcriptase (5 W\i\y, 1 jil TJl DNA 
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polymerase (5 U/|al); 10 \il AMV/Tfl reaction buffer (5x); 2 \xl magnesium sulfate (25 mM); 
ad 50 |Lil with DEPC (Sigma, Deisenhofen) treated water 

PGR device: Uno Thermoblock (Biometra biomedizinische Analytik GmbH, Gottingen) 
temperature program: 50 min 48°C (Ix); 2 min 94°C (Ix); 1 min 94"^^ 1 min 60°C, 2 min 
70°C (40x); 10 min 70^C (Ix) 

Amplificate: A 410 bp fragment of reverse transcribed hCYP2D6 mRNA is amplified. 
Primer sequences: 

16093 : 5'-CATACTGCTTCGACCAGTTGCG-3' 
17606 : 5'-GCAGGTGAGGGAGGCGATCAC-3' 

Western blot 

After the homogenous expression von hCYP2D6 in the V79MZh2D6 cell lines according to 
the invention was confirmed by means of in situ immunofluorescence, the molecular weight 
of heterologously expressed hCYP2D6 was confirmed by Western blotting and a qualitative 
indication as to the relative amounts of hCYP2D6 was obtained (Figure 11). 

For this purpose, the proteins of a cell homogenate (see Example 4) separated on SDS PAGE 
(Laemmli, 1970) were blotted from the polyacrylamide gel onto an Immobilon P membrane 
(Millipore, Dreieich) (Burnette, 1981) for 30 min using a ''semi dry" method at 225 mA in a 
"Semi Dry Elektroblotter" device (Sartorius, Gottingen). For the transfer, a pile was prepared 
starting from the graphite anode which consisted of two pieces of Whatman 3 MM filter 
papers soaked in buffer C (0.03 M Tris, 20% methanol, 0.04 M 6-aminohexanoic acid, ad pH 
10 with aqueous sodium hydroxide), the gel which had been previously immersed for 15 min 
in buffer C, the membrane which was wetted previously with methanol and then soaked for 
10 min in buffer B (0.03 M Tris, 20% methanol, ad pH 10 with aqueous sodium hydroxide), 
two pieces of Whatman 3 MM paper soaked in buffer B and two pieces of Whatman 3 MM 
paper soaked in buffer A (0.3 M Tris, 20% methanol, ad pH 10 with aqueous sodium 
hydroxide) without inclusion of air bubbles and then was fixed by the graphite cathode. 
For the immunodetection of hCYP2D6, the blotted membrane was blocked over night in 
PBS, 7% skim milk powder ("Gllicksklee" trademark, Nestle Germany AG, Frankfurt) at 
4'^C, washed briefly in PBS and then shaken carefully for 1 h in a solution of the primary 
antibody (polyclonal anti-hCYP2D6 antiserum 637.2 from rabbits, diluted 1:100 in PBS), 
and afterwards washed three times for 15 min in PBS, 0.5% Tween 20, incubated for 30 min 
in the secondary antibody solution (POD-coupled anti-rabbit IgG from goat, 0.2 U/ml, 
diluted 1:10000 in PBS, Boehringer Mannheim, Marmheim) and washed again three times 
for 15 min in PBS, 0.5% Tween 20. Afterwards, hCYP2D6 was detected via the bound 
secondary antibody using the ECL kit (Enhanced Chemiluminescence, Amersham, Little 
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Chalfont, England). This assay detects the light emission during the peroxidase catalyzed 
oxidation of - luminol in the presence of hydrogen peroxide using Hyperfilm ECL 
(Amersham, Little Chalfont, England). 

With 56.0 ± 0.6 kDa and 80.3 ± 2.8 kDa, the experimental molecular weights of hCYP2D6 
and hCYPOR closely corresponded to the calculated values of 55.8 kDa and 76.7 kDa, 
respectively. Remarkable is the relatively low amount of hCYP2D6 10; see Figure 11. 

Example 4: CO difference spektra 

For a comparison of the different hCYP2D6 1 expressing cell lines V79MZh2D6*l, -hOR, - 
H and -S as well as the various allelic variants, the amounts of cytochrome P450 was 
determined using CO difference spectra. 

For the preparation of a cell homogenate, the V79MZ cells were cultured in at least three 250 
ml tissue culture flasks up to a confluence of 80-100%. The trypsin-treated cells were 
combined, distributed uniformly on three 145/20 mm tissue culture dishes each per 250 ml 
tissue culture flask and incubated in 20 ml of complete medium without G418 or hygromycin 
B up to a confluence of 90%. The medium was discarded, followed by rinsing twice with 5 
ml icecold buffer (100 mM potassium phosphate, pH 7.4). The cells were loosened from the 
dish by means of a rubber scraper into 4 ml of icecold buffer, combined and pelleted by 
centrifugation for 10 min at 1500 x g and 4''C. The supernatant was completely removed, the 
pellet was carefully resuspended*in 1 ml buffer per nine 145/20- mm tissue culture dishesy and 
aliquots were taken as follows: 1 ml of the cell suspension was removed for CO difference 
spectra (1 ml aliquot), the remainder was diluted 1:1 wdth buffer, resuspended, and divided 
into aliquots of 100-300 |j.l for the determination of the protein content, enzymatic activity, 
measurements of enzyme kinetics, and for Western blotting (diluted aliquots). All aliquots 
were shock frozen in liquid nitrogen to disrupt the cells and afterwards stored at -80°C until 
use. 

A 1 ml aliquot of cell homogenate was thawed on ice and after addition of 20 [xl 100 mM 
PMSF (Boehringer Mannheim GmbH, Mannheim) in isopropanol was carefully resuspended 
in 1 ml of solubilization buffer (100 mM sodium hydro genphosphate, pH 7,4, 10% (v/v) 
glycerol, 0.5% (w/v) emulgen 913 (Kao-Atlas, Tokyo, Japan) using a pipette. For the 
measurement of the hCYP2D6 spectra there were also added 10 \xl of 2 mM quinidine 
(hydrochloride, Sigma, Deisenhofen). Membrane-bound cytochrome was solubilized by 
careful stirring for 15 min on ice, and insoluble material was pelleted by centrifugation for 10 
min at 17,000 x g at 4°C to reduce the turbidity (Evert et al., 1997; Tyndale et al., 1991a). 
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The supernatant was introduced into a 2 ml glas-on-glas homogenizator, reduced by adding 
several crystals of sodium dithionite (Sigma, Deisenhofen) followed by 1 5 strokes, and split 
up between two quartz cuvettes. After recording of the reduced spectrum between 400 and 
500 nm by means of an Aminco DW-2000 UVA^IS spectrophotometer (SLM Instruments 
Inc., Urbana, IL) the solution in the test cuvette was saturated with about 60 bubbles of 
carbon monoxide and the CO/reduced spectrum was recorded immediately (Eastabrook et 
aL, 1972). From the two spectra the CO/reduced versus the reduced spectrum (CO difference 
spectrum) was evaluated, and using the extinction coefficients of 91 mM'^cm"* and 110 mM" 
*cm"* (Omura and Sato, 1964b) the concentrations of cytochrome P450 and cytochrome P420 
were calculated. 

In the absence of solubilization and centrifugation, the turbidity of the cell homogenate was 
to high for the measurement of CO spectra. After centrifugation without previous 
solubilization, all of the cytochrome P450 was found in the pellet. If the method according to 
the present invention using the non-ionic detergent emulgen 913 was employed, however, 
cytochrome P450 was almost completely solubilized (Figure 12B). After a centrifugation to 
remove the turbidity was carried out cytochrome P450 could be well measured in the 
solubilizate. A final concentration of emulgen 913 of 0.25% was found to be optimal. In 
addition, also a repeated treatment of the resuspended pellet with emulgen 913 did not 
solubilize any more cytochrome P450. The solubilization was independent of the 
incorporation of heme which becomes clear particularly from the solubilization of hCYP2D6 
9 after culturing in the presence and absence of quinidine (Figures 12B and 14 A). 

If the expression was performed in baculovirus-infected insect cells, however, the 
solubilization v^th emulgen 913 yielded a maximimi of about 50% of hCYP2D6 9 (Evert et 
ah, 1997; Paine et aL, 1996). The variant hCYP2D6 7 which is unable to incorporate heme 
because of a His324Pro mutation and therefore is not functional remained practically 
unsolubilized (Evert et al., 1997), Also in these two cases, no dependence on exogenous 
heme was observed. For the solubilization of baculovirus-expressed bCYPcl7, however, a 
marked dependence on heme incorporation has been reported (Barnes et al., 1994). This 
indicates that also other factors besides the association with heme must affect the 
solubilization, for example the intracellular localization of the cytochrome P450 expressed in 
a heterologous manner, its tendency to form aggregates, the composition of the intracellular 
membrane systems of the expression system or the tj^^e of binding of cytochrome P450 
within the membrane. 
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Aerobic measurement 

A reduction of the solubilizate with sodium dithionite under aerobic conditions may weaken 
and destroy the prosthetic heme (Omura and Sato, 1964b). Accordingly, recording a CO 
spectrum at different times after gassing of the sample with carbon monoxide showed a clear 
decrease of the absorption at 450 nm while the peak of cytochrome P420 increased. At the 
same time it could be demonstrated, however, that under aerobic conditions the error was 
neglegible if the spectra were run only a few minutes after reduction of the sample (Figure 
13). 

Effect of quinidine on the stability of hCYP2D6 

Sometimes enzymes may be stabilized by their substrates or competitive inhibitors. For 
hCYP2D6, a stabilization by the competitive inhibitor quinidine has been discussed (Gillam 
et ah, 1995). A more or less noticeable peak of cytochrome P420 was observed in recordings 
of the spectra of hCYP2D6 2, 9, 10 and 17 which was absent in the spectrum of hCYP2D6 1. 
Therefore, quinidine was added to the solubilization buffer to avoid a possible weakening 
caused by the solubilization. The spectra, however, were more or less unchanged and 
particularly a cytochrome P420 peak still appeared. This means that cytochrome P450 must 
have been degraded already prior to solubilization and reduction. 

For the detection, the quinidine for recording the spectra was added directly to the culture 
medium during the cultivation of the cells. A stabilizing effect was indeed observed which 
varied strongly with different hCYP2D6 alleles (Table 3). The spectrum of hCYP2D6 1 
(wildtype) remained unchanged. The amount of cytochrome P450 was the same. This has 
^ been expected because the enzyme has a high stability by itself. In variant hCYP2D6 2 the 
cytochrome P420 peak was absent. The calculated amount of cj^ochrome P450 exactly 
corresponded to the sum of the amounts of cytochrome P450 and c54ochrome P420 
determined previously (Table 3). The observations in the case of hCYP2D6 17 were similar 
while the cytochrome P420 peak, however, did not completely disappear. As expected firom 
the results of the Westem analysis, it was difficult to quantify the CO difference spectrum of 
hCYP2D6 10 because of the low amount of protein. No cytochrome P450 peak could be 
observed. If the incubation was performed in the presence of quinidine the cytochrome P420 
content appeared to be slightly elevated. A dramatic change was observed with variant 
hCYP2D6 9. The cytochrome P420 peak completely disappeared, and the amount of 
cytochrome P450 was increased by 4-6fold (Figure 14A). 

In contrast, as with all other variants a comparative Westem blot indicated only a slight if at 
all increase in the amount of hCYP2D6 9 apoprotein (Figure 14B). Thus, quinidine is not 
important for the stability of the apoprotein but stabilizes the prosthetic heme in the 
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cytochrome. The solubiUzation of the hCYP2D6 variants examined was essentially 
unaffected by quinidine or heme incorporation, respectively (Figure 12B). 

Cytochrome P450 content 

The amounts of cytochrome P450 determined are summarized in Table 3. 

without quinidine with quinidine 





(pmol/mg cellular protein) 


(pmoI/mg cellular protein) 
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P450 
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P450 


P4sn 




















X 7^7 OA /f '~7 1 
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J .D^z. / 










V79MZmlAl 


7.6±1.9 


2.6±0.8 


10.2±2.0 








V79MZflAl (scup) 


2.5±0.8 


3.5±1.6 


6.1±2.4 








V79MZh2El 


5.2±0.6 


0.9±1.0 


6.1±0.5 








V79MZh3A4-hOR 


8.0±1.0 


3.0±0.9 


ll.0±1.7 








V79MZh2D6*l-hOR 


41.9 


0 


41.9 


44.0 


0 


44.0 


V79MZh2D6*l-S 


17.4±1.8 


0 


17.4±1.8 


14.41 


0 


14.41 


V79MZh2D6*l-H 


20.3 


0 


20.3 


10.83 


0 


10.83 


V79MZh2D611 - - . 


24.9±3.2 


0 


24.9±3.2 


30.9 


0 


30.-9- 


V79MZh2D6*2 


10.9±4.3 


2.5±2.2 


13.4±4.7 


12.2 


0 


12.2 


V79MZh2D6*9 


5.4±2.4 


1.0±0.9 


6.4±1.9 


35.7±13.3 


0 


35.7±13.3 


V79MZh2D6*10 


0 


2.2±0.2 


2.2±0.2 


0 


AAA 


AAA 


V79MZh2D6*17 


4.3±0.7 


3.8±0.7 


8.2±1.0 


9.0 


1.9 


10.9 



Table 3 

Cytochrome P450 content of different V79MZ cell lines. The values given are either 
obtained from a single measurement or are the mean values and standard deviations of at 
least three independent measurements. 
Abbreviations: -: not examined 

No cytochrome P450 could be detected in parental and mock transfected V79MZ cells. The 
relative amounts of total cytochrome P450 + cytochrome P420 corresponded well to the 
relative band intensities in the Western blots (Figures 12B and 14B). This indicates that the 
amounts of cytochrome P450 + cytochrome P420 determined spectrophotometrically 
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correspond to the amounts of apoprotein and that, therefore, the endogenous heme sysnthesis 
in V79MZ cells is sufficient. 

For a comparison of different cell lines and alleUc variants either the amount of functional 
holoenzyme of cytochrome P450, the total amount of cytochrome P450 + P420, the total 
amount of apoprotein or the level of expression, i.e. the mRNA content, may be used as a 
basis. Depending on the basis, the comparison may yield very different results, for example 
due to differences in heme incorporation or protein stability. In the following, the total 
amounts of cytochrome P450 + P420 will be used as a basis. The corresponding values in 
Table 3 are printed in bold letters. For this purpose it was assumed that the amount of P420 
depended substantially on the preparation since although the total amount of P420 + P450 
remained nearly constant the fraction of P420 varied between different preparations. 

Comparison to previous measurements 

By using a novel method of solubilization it was possible to record a CO difference spectrum 
with lOOtimes less V79 cells than had to be used before. The amounts of cytochrome P450 
determined in this manner were somewhat higher than those published previously for 
V79MZCYP cell lines (Table 4). 

CO spectra with solubilizate 
pmol CYP/mg cellular protein 
Cell line P450 P420 Reference 

V79MZ parental 0 . 0 0 pmol/mg (Onderwater et aL, 1 996) 

microsomal CO difference spectrum 

V79MZh lAl 11, 4 ±1.8 0 14 pmol/mg (Onderwater e/ aL, 1 996) 

microsomal CO difference spectrum 

V79MZh3 A4-hOR 8.0 rb 1 .0 3 .0 ± 0.9 5 pmol/mg (Schneider et al., 1 996) 

Western analysis of cell homogenate 

Table 4 

Comparison of the amounts of cytochrome P450 determined by means of CO difference 
spectra in V79MZCYP cell lines to previous results. 

Example 5: Hydroxylation of bufuralol 

To confirm the functionality of cytochrome P450 2D6 expressed in a heterologous manner 
the hCYP2D6-specific hydroxylation of bufuralol (1 '-hydroxylation of (-h)-bufuralol or 4- 
hydroxylation of (-)-bufuralol) was determined (Figure 15). 
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For this purpose, a diluted aliquot of cell homogenate was thawed on ice and resuspended 
carefully using a pipette. The reaction was started by addition of homogenate to the reaction 
sample (in the final sample: 100 ^il total reaction volume, 150 jig total protein 
(V79MZh2D6*10: 300 |Lig), 200 \iM bufuralol, 2 mM NADPH (Boehringer Mannheim 
GmbH, Mannheim) in 0.1 M potassium phosphate buffer, pH 7.4) and after an incubation in 
a water bath at 37°C for 30 min (V79MZh2D6* 10: 90 min) was stopped by addition of 12 [il 
60% (v/v) perchloric acid (Boehringer Mannheim GmbH, Mannheim; approx. 0.33 M). The 
samples were incubated for several minutes on ice and the precipitate was collected by 
centrifugation (10 min, 17,000 x g, 4*^0). The substrate bufuralol and the product hydroxy- 
bufuralol contained in the supernatant were separated by means of HPLC and detected by 
fluorometry (Kronbach et al., 1987; Kronbach, 1991). The chromatographic separation was 
performed in an isocratic manner using an aqueous-organic mobile phase (30% (v/v) 
acetonitrile (HPLC pure, Riedel-de Haen, Seelze), 40% (v/v) methanol, 30% (v/v) water, 2 
mM perchloric acid) at a flow rate of 1 ml/min and 50°C on a Hypersil ODS CI 8 ''reversed 
phase" column (24 cm x 4,6 mm, particle size 5 |im; Supelco, Bellefonte, PA). A C8 column 
was connected ahead of the system. The fluorescence signal (excitation at 252 nm, emission 
at 352 rmi) was detected with a Fluorescence HPLC Monitor RF-530 (Shimadzu (Europe) 
GmbH, Diisseldorf), recorded by Chromatopac C-R3A 530 (Shimadzu (Europe) GmbH, 
Dusseldorf), and the peak area was integrated automatically. 

The retention times were about 8 min for hydroxy-bufuralol and about 22 min for bufuralol. 
The quantification was carried out using a standard curve prepared from T-hydroxy- 
bufuralol standards in the range of 0.5-20 |iM final concentrations after incubation with 
homogenate of the mock transfected cell line V79MZmockneo. 

The concentrations of the stock solutions prepared gravimetrically were checked 
spectrophotometrically. Extinction coefficients of 16.3 mM"^cm"^ for 1 '-hydroxy-bufuralol at 
245.5 nm (Gentest Corp., Woburn, MA) and 15.1 mM'^cm"^ for bufuralol at 248 nm 
(Ultrafine Chemicals, London, England) were used in the calculations. 

At 37°C the reaction was in the linear range for 30 min up to 150 jag total protein/100 |al. To 
obtain a measurable signal in the case of variant hCYP2D6 10, 300 ^ig total protein/100 |il 
were incubated for 90 min. Therefore, the activities given for hCYP2D6 10 underestimate 
the real values; see Table 6. 

Inhibition of the bufuralol hydroxylation 

For inhibition studies, to the bufiaralol hydroxylation reaction sample was added quinidine in 
a final concentration of 0.01-2 (iM (2 mM stock solution in methanol, afterwards diluted in 
0.1 M potassium phosphate buffer, pH 7.4; the assay contained < 0,1% methanol; control 
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without quinidine with 0.1% methanol) or inhibitory anti-hCYP2D6 antiserum (LKM serum 
2) and human control serum (provided courteously by Dr. U. M. Zanger, Dr. Margarete 
Fischer-Bosch-Institut, Stuttgart) in final dilutions of 1:100-1:1000. 

In all hCYP2D6 variants the hydroxylation of bufuralol was nearly completely inhibited with 
hCYP2D6-specific antiserum in a final dilution of 1:100, At a final concentration of 1 jiM of 
the hCYP2D6-specific inhibitor quinidine the bufiiralol hydroxylation was inhibited to about 
90% independently of the allele (Figure 16). 

Example 6: Conditions for culturing and homogenization 

To exclude that the endogenous heme synthesis is limiting for the amount of functional 
cytochrome P450, the culture medium was supplemented with hemin chloride (Sigma, 
Deisenhofen) or with the limiting synthesis precursor 5-aminoIevulinic acid (hydrochloride, 
Sigma, Deisenhofen) and ferric (III) citrate (Sigma, Deisenhofen), respectively. Up to the 
cytotoxic limit at 10 for hemin chloride or 10 mM for 5-aminolevulinic acid/ferric (III) 
citrate, no increased bufuralol hydroxylase activity per mg total protein could be detected in 
the cell homogenate. 

The bufiiralol hydroxylase activity in the cell homogenate, however, was dependent on the 
cell density at the time of harvesting the cells, from the type of homogenization, and the 
number of fi-eeze/thaw cycles. Therefore, the method for preparing the cell homogenate was 
optimized:. ....... 

At cell densities of more than 90%, the bufiiralol hydroxylase activity per mg total protein in 
the cell homogenate decreased by about 10-20 %. In overgrown cultures with cell densities 
of clearly more than 100% only about half of the maximal activity was measured. To obtain 
cell homogenate for enzmyatic reactions the cells had to be disrupted. The highest activities 
were determined after freezing in liquid nitrogen. The use of a glas-on-glas homogenizer 
resulted in 10-20% lower activities. The loss in activity could be avoided by the addition of 
1 mM PMSF as a protease inhibitor. Sonication either in the absence or presence of PMSF 
resulted in a loss of up to 70% of the activity. Repeated freezing and thawing of the cell 
homogenate led to non-reproducible variations in the bufuralol hydroxylase activity. 

Optimal conditions for the preparation of cell homogenate are cell densities of 90%, 
followed by harvesting of the cells by centrifugation, resuspending in buffer, aliquoting, 
shock freezing in liquid nitrogen and storage at -80°C until use. The aliquots were thawed 
only once and unused residues were discarded. 
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Example 7: Coexpression of hCYP2D6 and hCYPOR and comparison of the promoters 

For some of the heterologously expressed cytochrome P450 isoforms the endogenous 
CYPOR synthesis in V79 cells is insufficient for maximal enzyme activity. For this reason, 
hCYP3A4 and hCYPOR, for example, were coexpressed (Schneider et al., 1996). A similar 
approach was followed with hCYP2D6 1 (transfection sample Til); see Table 5. 

To detect the hCYPOR activity, the activity of the NADPH-dependent cytochrome c 
reductase was measured (Kubota et ah, 1977). For this purpose, a diluted aliquot of cell 
homogenate was thawed on ice and resuspended carefully by means of a pipette. After 
preincubation of the reaction sample for 2 min at 37°C (final sample: 800 [il total reaction 
volume, 40-100 total protein, 225 potassium cyanide (Sigma, Deisenhofen) to inhibit 
the reoxidation of reduced cytochrome c by cytochrome oxidase, 125 (aM NADPH, 45 nM 
ferric>lochrome c (Sigma, Deisenhofen) from bovine heart in 50 mM potassium phosphate 
buffer, pH 7.8) the reaction was started by addition of cytochrome c and the increase in the 
extinction at 550 nm and 37°C was recorded using an Uvikam 941 Plus UVA^IS- 
spektrophotometer (Kontron Instruments Ltd., Watford, England). For the calculation of the 
cytochrome c reductase activity from the initial slope an extinction coefficient of 19.1 mM' 
'cm"' was used (Chance, 1957). 

hi accordance with the results of Schneider et al. (1996) the endogenous cytochrome c 
reductase activity of V79MZ cells was 9-14 nmol/min/mg cellular protein. Clearly higher 
cytochrome c reductase activities of 31-182 nmol/mg/min were measured if hCYPOR was 
coexpressed. 
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Table 5 

Cytochrome c reductase activities of CYPOR (cytc red.) and bufuralol hydroxylase activities 
of hCYP2D6. The selectivity is calculated by the ratio (-)-bufuralol activity/(+)-bufuralol 
activity. The mean values and stEUidard deviations of at least three independent 
measurements are given. 

Abbreviations: (+): (+)-bufuralol; (-): (-)-bufuraiol; (+/-): racemic bufuralol; SV40: SV40 
early promoter; CMVp: cytomegalovirus promoter; MPSV-LTR + CMVe: 
myeloproliferative sarcoma virus long terminal repeat and cytomegedovirus enhancer 

If a coexpression of hCYP2D6 1 and hCYPOR was performed, markedly higher bufuralol 
hydroxylase activities were measured as in the case of a heterologous expression of 
hCYP2D6 1 alone (Table 5). After normalization of the amounts of hCYP2D6 (see Table 4) 
nearly identical reaction rates were obtained for all hCYP2D6 1 -expressing cell lines 
independently of the coexpression of hCYPOR. Thus, in contrast to hCYP3A4 the activity of 
hCYP2D6 is not limited by the endogenous CYPOR activity. The differences in activity 
between the cell lines V79MZh2D6*l-hOR and V79MZh2D6*l therefore are due to 
different integration of the cDNA expression cassette into the V79MZ genome. Furthermore, 
a comparison to the activities of cell lines V79MZh2D6*l-H and V79MZh2D6*l-S showed 
that the "integration effect" clearly has a greater . influence on the differences in activity 
between different cell lines or homogenous clones of a transfection sample, respectively, 
than the promoter selected. Particularly in the V79 system comparable expression rates are 
obtained with the SV40 promoter and the CMV promoter while in COS-1 cells lOfold higher 
expression rates are obtained with the CMV promoter (Clark and Waterman, 1991). Similar 
results were obtained by Schneider et al. (1996). 

The good agreement of the reaction rates further demonstrates the reliability of both the 
bufuralol hydroxylase activity test and the quantification of the amount of cytochrome P450 
by means of CO difference spectra of solubilized cell homogeriate. 

Example 8: Comparison of cell lines V79MZh2D6*l, *2, *9, *10 and *17 

Bufuralol hydroxylase activity 

The polymorphic cell lines V79MZh2D6*l, *2, *9, *10 and *17 were compared with respect 
to the hCYP2D6-specific bufuralol hydroxylation. While the selectivity towards (+)- 
bufuralol was practically identical for all cell homogenates, the activities were decreased 
compared to the wildtype cell homogenate V79MZh2D6*l (Table 6). Particularly the 
V79MZh2D6*10 cell homogenate exibited only about 2% of the activity of wildtype cell 
homogenate. After normalization of the amounts of hCYP2D6 (see Table 4) comparable 
reaction rates were obtained for hCYP2D6 1 and hCYP2D6 2 while the reaction rate of 
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hCYP2D6 9 was about twice as high and the reaction rate of hCYP2D6 17 was about half as 
high. 



Cell line Bufuralol hydroxylase activity bufuralol hydroxylase reaction rate selectivity 

pmol/mg/min pmol/pmol hCYP2D6/min 







(+/-) 


(-) 


(+) 


(+/-) 


{-) 


(-)/(+) 


V79MZmockneo 


0 


0 


0 










V79MZh2D6*l 


162.7±31.6 


108.0±15.3 


65.0±13.5 


6.53±2.n 


4.34±1.I7 


2.61±0.88 


0.40±0.16 


V79MZh2D6*2 


95.2±28.6 


59.7±I3.9 


43. 8i 14.7 


7.1I±4.63 


4.46±2.60 


3.27±2.24 


0.46±0.29 


V79MZh2D6*9 


93.9±1!.5 


6l.8±4.7 


45.9±3.1 


14.67±6.2 


9.66±3.60 


7.17±2.61 


0.49±0.16 


V79MZh2D6*10 


3.3±0.4 


2.3±0.2 


1.4±0,3 


1.48±0.29 


1.03±0.17 


0.63±0.18 


0.42±0.14 


V79MZh2D6*17 


29.3±1.9 


21.6±2.4 


14.4±3.3 


3.57i0.66 


2.65±0.61 


1.77±0.62 


0.49±0.14 



Table 6 

Bufuralol hydroxylase activities of the polymorphic cell lines at 200 |liM bufuralol. The 
selectivity is the ratio of (-)-bufuralol activity/(+)-bufuralol activity. The mean values and 
standard deviations of at least three independent meansurements are given. 
Abbreviations: (+): (+)-bufuralol; (-): (-)-bufuralol; (+/-): racemic bufuralol 

Kinetic of the 1 '-hydroxylation of (+)-bufuralol 

The allele specific kinetic parameters of the I'-hydroxylation of (+)-bufliralol were 
determined assuming a monophasic Michaelis-Menten kinetic without inhibitor (V = V^ax * 
[S] / (Km + [S]) (Table 7). The non-linear fitting of the curve to measuring points V .was 
done by minimizing the sum of the error squares and weighting with a factor of \N (Figure 
17). The mean values and standard deviations of three independent measurements were used. 



Cell line Based on mg of total protein Based on the amount of cytochrome P450 







Km 


Clint 


reaction rate 


cu 




pmol/mg/min 


VtM 


ml/mg/min 


pmol/pmol P450/min 


ml/pmol P450/min 


V79MZh2D6*l 


170.8±15.5 


13.8±1.6 


12400±2580 


6.9±1.5 


500±170 


V79MZh2D6*2 


111.5±2.1 


22.6±a6 


4940±220 


8.3±3.1 


370^150 


V79MZh2D6*9 


100.0±15.0 


15.0±2.9 


6670±1970 


15.6±7.0 


1040±670 


V79MZh2D6*10 


4.3±0J 


53.3±10.3 


80±17 


1.9±0.2 


40±10 


V79MZh2D6*17 


34.3±2.8 


28.2±1.3 


1220±160 


4.2±0.9 


150±40 



Table 7 

Kinetic parameters of the 1 '-hydroxylation of (+)-bufuralol for hCYP2D6 1, 2, 9, 10 and 17. 
The mean values and standard deviations of three independent meansurements are given. 
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Abbreviations: Vmax: maximal reaction rate at substrate saturation of the enzyme; Km: 
Michaelis-Menten constant; Clim: intrinsic clearance (Clim = Vmax/Kivi) 

Example 9: Comparison to other expression systems 

hCYP2D6 2 (substitutions Arg296Cys and Ser486Thr) 

A slightly elevated Km value and a comparable reaction rate as compared to the wildtype 
enzyme hCYP2D6 1 were determined for V79MZh2D6*2 homogenate. In contrast to 
wildtype enzyme, the CO difference spectrum shows low amounts of cytochrome P420. 
If the cDNA expression was carried out in COS-1 cells the absolute bufuralol hydroxylase 
activity of hCYP2D6 2 compared to the wildtype was only about 60% at a similar reaction 
rate which is in complete agreement with the V79 expression system (Oscarson et al., 1997). 
It remained unclear whether this was just coincidence or whether an allele-dependent reason 
exisits. If hCYP2D6 1 and hCYP2D6 2 are expressed in yeast (Oscarson et al., 1997) the (+)- 
bufuralol reaction rate at substrate saturation was similar and the amount of holoprotein of 
hCYP2D6 2 was slightly decreased. It is discussed that this may be due to a decreased 
protein stability or also translation rate. In addition, also the peak of cytochrome P420 in the 
CO difference spectrum of V79MZh2D6*2 indicates a decreased protein stability compared 
to the wild type enzyme. 

hCYP2D6 9 (deletion of Lys28i) 

An identical Km value and a twice as high reaction rate compared to the wildtype enzyme 
hCYP2D6 1 were determined with V79MZh2D6*9 homogenate. 

If hCYP2D6 9 was expressed in HepG2 cells using recombinant vaccinia virus and the (+)- 
bufuralol hydroxylation was examined, a 2.4fold higher Km and an about 4fold higher 
reaction rate were measured compared to the wildtype enzyme hCYP2D6 1 (Tyndale et al., 
1991a). I.e. the intrinsic clearance of hCYP2D6 9 was twice as high compared to the 
wildtype in both in vitro expression systems, 

hCYP2D6 10 (substitutions Pro34Ser and Ser486Thr) 

A 4fold higher Km and a 3.5fold lower reaction rate were determined with V79MZh2D6*10 
homogenate as compared to the wildtype enzyme hCYP2D6 1 . Thus, the intrinsic clearance 
was about one twelfth of that of hCYP2D6 1 . The normation, however, was carried out using 
the cytochrome P420 content since no peak could be quantified at 450 nm. Moreover, the 
Western blots demonstrated that the amount of apoprotein was drastically decreased 
compared to all other variants. This means that the reaction rate based on functional 
holoenzyme may correspond to that of the wildtype while the activity in the homogenate is 
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only 2.5% of the activity of V79MZh2D6*l homogenate. Due to the low activity of the 
V79MZh2D6* 10 homogenate the determination of the Km constant is also uncertain. 
In vitro expression experiments in COS-1 cells showed that substitution Ser486Thr alone 
sligthly increases the amount of hC YP2D6 1 0 expressed as compared to the wildtype while 
the substitution Pr034Ser results in drastically reduced amounts of protein and in a 40fold 
reduced activity. In the combination of both substitutions in hCYP2D6 10 the activity- 
lowering effect of the substitution Pro34Ser far predominates (Johansson et al., 1994; 
Kagimoto et al., 1990). This is in close agreement to the findings of the Western analysis and 
the difference in activity beween the homogenates of V79MZh2D6*10 and V79MZh2D6*L 
Thus, while 40fold differences in activity are found between hCYP2D6 1 and hCYP2D6 10 
in vitro the difference in vivo is only one tenth (Droll et al., 1998). 

hCYP2D6 17 (substitutions ThriovHe, Arg296Cys and Ser486Thr) 

A 2fold elevated Km and a 2fold lower reaction rate as compared to the wildtype enzyme 
hCYP2D6 1 were determined for V79MZh2D6* 17 homogenate. In contrast to the wildtype 
enzyme, the CO difference spectrum shows a fraction of cytochrome P420 of about 50%. 
If the cDNA expression was carried out in COS-1 cells the absolute bufliralol hydroxylase 
activity of hCYP2D6 17 was only about 20% compared to the wildtype which is in 
agreement with the V79 expression system (Oscarsson et al., 1997): As observed with the 
substitutions Arg296Cys and Ser486Thr, also the substitution ThriovUe had no substantial 
effect on the reaction rate of bufuralol hydroxylation. The substitution ThriovUe, however, 
resulted in elevated amounts of protein similar to the substitution Ser486Thr, while the 
combination of all three substitutions in hCYP2D6 17 led to decreased amounts of protein if 
the cDNA was expressed in COS-1 cells. Decreased enzyme stability or translation rate is 
discussed as the reason. Also the high proportion of cytochrome P420 in the CO difference 
spectrum of V79MZh2D6*17 indicates a decreased protein stability in comparison to the 
wildtype enzyme. 

If the cDNA was expressed in yeast, the reaction rate for bufuralol hydroxylation at substrate 
saturation was similar for all mutations and combinations (Oscarsson et al., 1997). The 
substitution of the hydrophilic Thrio? by a hydrophic He alone in the conserved region of the 
B' helix which also is a part of the first substrate recognition region, however, resulted in an 
elevated Km for codeine 0-demethylation (Oscarsson et al., 1997). In contrast, the Km value 
for the hydroxylation of bufuralol remained unchanged. For this reaction, only a combination 
of the substitutions Thrio7lle and Arg296Cys resulted in a 5 fold increase in Km- Thus, 
hCYP2D6 17 is the only known variant of hCYP2D6 in which a combination of different 
substitutions is responsible for an altered affinity of the enzyme to the substrate. 
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Example 10: 4-hydroxyiation of tamoxifen by hCYP2D6 

The cell lines according to the present invention were used to examine a possible effect of 
the hCYP2D6 polymorphism on the pharmacologically important 4-hydroxylation of 
tamoxifen (Figure 18). Substrate and metabolites were separated and detected by means of 
HPLC/MSD (Figure 19). 

A diluted aliquot of cell homogenate was thawed on ice and carefully resuspended using a 
pipette. The reaction was started by addition of homogenate to the reaction sample (final 
sample: 100 [il total reaction volume, 150 \ig total protein, 1-150 |iM tamoxifen (2.5 |^1 
stock solution in DMSO), 2 mM NADPH in 0,1 M potassium phosphate buffer, pH 7.4) and 
after an incubation for 30min (V79MZh2D6* 10: 60 min) in a water bath at 37°C was 
stopped by addition of 50 |il acetonitrile, 2% (v/v) acetic acid. The samples were incubated 
for several minutes on ice and the precipitate was collected by centrifugation (10 min, 17,000 
X g, 4°C), The substrate tamoxifen and the reaction products including 4-hydroxy-tamoxifen 
contained in the supernatant were separated and detected by means of HPLC/ESI-MSD. The 
chromatographic separation was performed in a gradient of acetonitrile (Figure 1 0) at a flow 
rate of 0.5 ml/min (12th to 19th minute 0.8 ml/min) and 30°C using a C8 (2) "reversed 
phase" column (Luna, 150 mm x 2 raim, particle size 5 ^im; Phenomenex , Hosbach). A C8 
column (XDB-C8, narrow-bore column^ 2.1 mm x 12.5 mm; Zorbax HPLC Columns, 
Hewlett Packard, Waldbronn) was connected ahead of the system. 

The detection of tamoxifen and its metabolites was performed using a HP Series 1 100 MSD 
(Hewlett Packard, Waldbrorm) in the single ion monitoring modus at m/z 344.2 (A^- 
didemethyl -tamoxifen), m/z 358.3 (7V-demethyl-tamoxifen), m/z 360.2 (monooxygenated 
metabolites of A^-didemethyl-tamoxifen), m/z 372.3 (tamoxifen), m/z 374.3 
(monooxygenated metabolites of A^-demethyl-tamoxifen), m/z 388.3 (monooxygenated 
metabolites of tamoxifen) and m/z 404.3 (monooxygenated metabolites of tamoxifen- A^- 
oxide). 

The retention times were 2.1 min for Z-tamoxifen-3,4-epoxide, approx. 5.5 and 6.2 min for 
E- and Z-4-hydroxy-tamoxifen, about 7.2 and 7.9 min for E- and Z-4-hydroxy-tamoxifen-7V- 
oxide, about 8.4 min for Z-tamoxifen-l,2-epoxide, 9.9 min for Z-A^-didemethyl-tamoxifen, 
10.0 min for Z-A^-demethyl-tamoxifen, 10.4 min for Z-tamoxifen-A^-oxide and approx. 9.7 
and 10.1 min for E- and Z-tamoxifen. The peaks of E- and Z-4-hydroxy-tamoxifen, Z- 
tamoxifen-A^-oxide, Z-tamoxifen- 1 ,2-epoxide, Z-A^-demethyl-tamoxifen and Z-A/^-dide- 
methyl-tamoxifen were verified and extemally standardized using the corresponding pure 
substances. The calibration was performed for a final concentration range of 0.039-20 \iM 
after incubation with homogenate of the mock transfected cell line of V79MZmockneo. 
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To identify the isoforms of cytochrome P450 involved in the 4-hydroxylation of tamoxifen 
incubations were performed with homogenates of cell lines V79MZh2El and V79MZh3A4- 
hOR as well as with microsomes of insect cells coexpressing hCYP3A4 and hCYPOR and 
hCYP2C9*l and hCYPOR, respectively, so-called "supersomes" (Gentest, Woburn, MA, 
Produkt-Nr P207 und P218). With respect to the incubations with V79MZh2D6 homogenate 
the following parameters were varied: 150 ^ig V79MZh2El homogenate were incubated up 
to 45 min, up to 500 ng V79MZh3A4-hOR homogenate and up to 25 ^il hCYP3A4-hOR 
"supersomes" corresponding to 50 pmol hCYP3A4 were incubated up to 60 min with 100 
jxM magnesium chloride and 10 ^iM EDTA, and 12.5 ^1 hCYP2C9*l-hOR "supersomes" 
corresponding to 25 pmol hCYP2C9*l were incubated for 30 min with 100 ^xM magnesmm 
chloride and 10 nM EDTA. 

The reaction at 37°C was in a linear range for 30 min up to 150 ^ig of total protein/100 jil. To 
be able to measure a signal which could be quantified in the case of hCYP2D6 10, the 
reaction sample had to be incubated for 60 min. Therefore, the activities indicated sligthly 
underestimate the real values. 

Effect of DMSO as a solubilizing agent for tamoxifen 

Since tamoxifen has a poor water-solubility, DMSO was added as solubilizing agent. 
Acetonitrile and methanol did not improve the solubility. In addition, they were not as 
suitable as DMSO due to other undesired properties. 

• Up to a DMSO concentration of 2.5% the tamoxifen-4-hydroxylase activity was only sligthly 
affected At a concentration of 10% DMSO the tamoxifen-4-hydroxylase activity was only 
about 20% of that obtained at 2.5% (Figure 20). On the other hand, the onset slope of the 
kinetic at 10% DMSO was linear up to about 75 ^M tamoxifen while at 2.5% DMSO it was 
linear only up to 50 ^iM. This behaviour exactly correponded to the maximum solubility of 
tamoxifen at 10% and 2.5% DMSO, respectively. Accordingly, the lower slope of the kinetik 
was not caused by the enzyme kinetic but was only dependent on the solubility limit of 
tamoxifen. To be able to measure a signal of all hCYP2D6 variants which could be 
quantified, all other measurements were performed with 2.5% DMSO. 

An slight decrease in hCYP2D6 activity up to 2.5% DMSO has also been published for the 
O-demethylation of dextromethorphane (Chauret et al., 1998; Hickman et al., 1998). In 
contrast a drastic decrease already at low concentrations of DMSO was found for the (+/-)- 
bufuralol hydroxylase activity (Busby et al., 1999). Possibly, the inhibitory effect of the 
solvents is dependent on the substrate. 
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Kinetics of the 4-hydroxylation of tamoxifen 

The linearity in the kinetic of the hCYP2D6-catalyzed 4-hydroxylation of tamoxifen was not 
limited by enzyme kinetics but was dependent only on the solubility limit of tamoxifen. 
Therefore, it was impossible to determine the Vmax and Km indepedently of each other. Thus, 
assuming a monophasic Michaelis-Menten kinetic without inhibitor (V = Vmax * [S] / (Km + 
[S])) the intrinsic clearance (Clint = Vmax / Km) was calculated from the linear onset slope ([S] 
0) (Table 8). Fitting of the line to measuring points V was performed by linear regression 
(Figure 21). An analogous kinetic was recorded for the 4-hydroxylation of tamoxifen by 
hCYP2C9 1 (not shown). 



Cell line 


Based on mg of total protein 


Based on the amount of CYP450 






Clin, 


reaction ratcsomvi 


Clint 




pmol/mg/min 


ml/mg/min 


pmol/pmol/min 


ml/pmol/min 


V79MZmockneo 


0 


0 


0 


0 


h3A4 (supers.) 


approx. 1.95 




approx. 0.10 




h2C9 1 (supers.) 


24.08 


482 


0.96 


19.3 


V79MZh2D6*l 


58.3±8.2 


1166±165 


2.34±0.63 


46.8±12.6 


V79MZh2D6*2 


21.2±3.3 


424±66 


1.58±0.80 


3L6d:16.0 


V79MZh2D6*9 


26.2±6.5 


524±131 


4.09±2.23 


81.9±44.8 


V79MZh2D6*10 


0.41±0.06 


8.2±1.2 


0.18±0.04 


3.7±0.8 


V79MZh2D6*17 


6.0±1.3 


119±27 


0.73±0.25 


14.6±5.0 



Table 8 

Kinetic parameters of the 4-hydroxylation of tamoxifen for hCYP3A4, hCYP2C9 1 and 
hCYP2D6 1, 2, 9, 10 and 17. The values for hCYP3A4 and hCYP2C9 are based on a single 
measurement series. All other values are mean values and standard deviations of three 
independent measurement series. 

Abbreviations: Vso^m' reaction rate at 50 ^iM tamoxifen; Clint: intrinsic clearance; supers.: 
"supersomes" 

To date, no comparative data for the kinetics of the hCYP2D6-catalyzed tamoxifen-4- 
hydroxylation have been available. At a substrate concentration of 1 i-iM, tamoxifen-4- 
hydroxylation activities of 0.7-0.8 pmol/min/mg protein and of 1.1-3 pmol/min/mg protein 
were detected with human liver microsomes of poor metabolizers and extensive 
metabolizers, respectively (Crewe et al., 1997). A tamoxifen concentration of 1 |iM is in the 
range of the plasma concentration of the therapeutical dosage (Buckley and Goa, 1989). At a 
substrate concentration of 18 |j.M, the activities were between 6 and 8 pmol/min/mg protein 
for poor metabolizers and between 12 and 25 pmol/min/mg protein for extensive 
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metabolizers (Crewe et al., 1997). With 1.2 and 21 pmol/min/mg cellular protein, 
respectively, the activities of V79MZh2D6* 1 homogenate were in the same ranges. As in the 
case of the bufuralol hydroxylase activity (see Table 11) an agreement in the activities 
between V79MZh2D6* 1 cell homogenate and human liver microsomes was observed. The 
substrate dependence, however, of the tamoxifen-4-hydroxylase activity of recombinant 
hCYP2D6 was more pronounced as in the case of human liver microsomes. Furthermore, 
activities in the ranges of those of V79MZh2D6*2 and *9 homogenate and higher than those 
of V79MZh2D6*10 and *17 homogenate were measured in liver microsomes of poor 
metabolizers. Therefore, besides hCYP2D6 other isoforms with higher affinity to tamoxifen, 
possibly hCYP2C95 must be involved in tamoxifen-4-hydroxylation in vivo so that the effect 
of the hCYP2D6 polymorphism in vivo may be masked at the low therapeutic concentrations 
of tamoxifen. Nevertheless, the comparison between poor and extensive metabolizers shows 
that there is indeed a relationship between the rate of tamoxifen-4-hydroxylation and the 
hCYP2D6 phenotype. 

The relative intrinsic clearances of the hCYP2D6 catalyzed hydroxylation of tamoxifen and 
bufuralol are identical (Table 9). The absolute values for the 1 '-hydroxylation of (+)- 
bufuralol are about lOfoId higher than those of the 4-hydroxylation of tamoxifen. This 
difference can be explained by the very different structures and binding of the two substrates 
in the active site of hCYP2D6 (see Figure 24). 



intrinsic clearance 



cell line V79MZh2D6 



*1 



'10 



= 17 



[ml/min/mg protein] 1 1 66±\65 



4-hydroxylation 
of tamoxifen 



[ml/min/pmol P450] 



47±13 



424±66 



32±16 



524±131 



82±45 



8.2±1.2 



4±\ 



119±27 



15=t5 



[ml/min/mg protein] 12400±2580. 4940±220 6670±1970 80±17 



1 '-hydroxylation 
of (+)-bufuraIo! 



[ml/min/pmol P450] 500±170 



370±150 



1040±670 



40±10 



1220=fcl 
60 

150±40 



Table 9 

Comparison of the intrinsic clearances of the hydroxylation of tamoxifen and bufuralol using 
the novel polymorphic cell lines V79MZh2D6*l, *2, *9, *10 and *17. 

Isoforms involved in the 4-hydroxylation of tamoxifen 

An involvement of the isoforms hCYP3A4, hCYP2C9 and hCYP2El besides hCYP2D6 in 
the 4-hydroxylation of tamoxifen is discussed (Crewe et aL, 1997; Dehal and Kupfer, 1997; 
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Styles et al., 1994). To check the ambiguous results and to get an indication on the 
hCYP2D6-catalyzed fraction of the total tamoxifen 4-hydroxylation, incubations were 
carried out with homogenates of the cell lines V79MZh2El and V79MZh3A4-hOR as well 
as hCYP3A4-hOR and hCYP2C9*l-hOR "supersomes" (Figure 22). In this case, the 
conditions for the incubations were not optimized. Therefore, the values given should only 
be construed as guide values (Table 8). 

The 4-hydroxylation of tamoxifen was catalyzed by isoforms hCYP2D6, hCYP2C9 and 
hCYP3A4. Metabolites having masses of 388.3 (monooxygenated metabolites, Figure 22) 
and 358.3 (demethylated metabolites, not shown) were detected. As expected, the 
predominating metabolites were 4-hydroxy-tamoxifen in the incubation with hCYP2D6 and 
hCYP2C9 and //-demethyl-tamoxifen in the incubation with hCYP3A4. The 4-hydroxylation 
of tamoxifen by hCYP3A4, however, was negligible. In contrast to the other isoforms, the 
peak areas of E- and Z-4-hydroxy-tamoxifen were about identical and the peak at 2.2 min 
(tamoxifen-3,4-epoxide?) was strikingly high. 

If cell line V79MZh2El was incubated with homogenate, no metabolites were detected 
which had not also been observed previously after incubation with homogenate of the mock 
transfected cell line V79Mzmockneo, i.e. tamoxifen- A^-oxide and //-demethyl-tamoxifen. 
Both metabolites were contained as contaminations in tamoxifen though in a smaller amount 
than after the incubation, 

T£Lmoxifen-A^-oxide was detected in all samples independently of hCYP2D6 or other 
enzymes and also with heat-inactivated homogenate of mock-transfected cells. The amount 
was practically independent of the amount of total protein and the concentration of 
tamoxifen, and varied up to a factor of 20 between the different measurement series. The 
standard curve for tamoxifen-A^-oxide for worked up standard solutions in negative control 
samples with tamoxifen was shifted in parallel as compared to standard solutions which had 
not been worked up. The reason for these findings was assumed to be a mere chemical 
oxidation of the dissolved tamoxifen, presumably by oxygen in air. Thus, the interval 
between incubation and sample measurement would provide a clue for the differing amounts 
in different measurement series. 

//-Demethyl-tamoxifen was also detected in all samples independently of hCYP2D6 or other 
enzymes and also with heat-inactivated homogenate of mock-transfected cells. In contrast to 
tamoxifen-A^-oxide, however, the amount of 7\^-demethyl-tamoxifen depended both on the 
tamoxifen concentration and on the amount of total protein in the sample and varied only by 
a factor of 2 between different measurement series. It was impossible to carry out an exact 
quantification. 
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Table 10 

Comparison of the contribution of different cytochrome P450 isoforms to the 4- 
hydroxylation of tamoxifen in different expression systems. 

H-: unambiguous contribution to the 4-hydroxylation of tamoxifen; -: no or only negligible 
tamoxifen 4-hydroxylation; n. e.: not examined 

Table 10 compares the results of the present and of previous studies. Considering all results, 
it seems that hCYP2El does not contribute to tamoxifen 4-hydroxylation. Whether 
tamoxifen-A^-oxide and A^-demethyl-tamoxifen were formed in the incubation with 
V79MZh2El as reported by Dehal and Kupfer (1997) remained unclear because of the high 
background of these two metabolites. 

Human cytochrome P450 2D6 catalyzed the 4-hydroxylation of tamoxifen in all expression 
systems. 

In contrast, the role of hCYP3A4 remained unclear: Although a substantial contribution of 
hCYP3A4 to the formation of 4-hydroxy-tamoxifen was found in inhibition studies in human 
liver microsomes (Crewe et al., 1997), the tamoxifen 4-hydroxyIation was practically 
neghgibie in all other expression systems. In accordance with Dehal and Kupfer (1997) and 
Styles et al. (1994) both V79MZh3A4-hOR homogenate and hCYP3A4-hOR "supersomes" 
catalyzed the A/-demethylation of tamoxifen, 

Baculovirus-expressed hCYP2C9*l ("supersomes") clearly catalyzed the 4-hydroxylation of 
tamoxifen. The intrinsic clearance was about half that of hC YP2D6 1 expressed in V79MZ 
cells. With about 20% the fraction of hCYP2C9 on the total amount of cytochrome P450 in 
the liver, however, is about lOfold higher than that of hCYP2D6. Therefore, although the 
studies with microsomes of recombinant human B lymphoblastoid cells yielded ambiguous 
results a substantial contribution of hCYP2C9 to the 4-hydroxylation of tamoxifen in vivo 
may be assumed. Presumably, these discrepancies may be explained by different 
(concentrations of) solvent(s) during incubation. 

Metabolites of tamoxifen as substrates of hCYP2D6 

To examine the effect of certain modifications of the substrate, tamoxifen, and particularly of 
the nitrogen which is important for substrate binding, on hCYP2D6-catalyzed hydroxylation, 
incubations were carried out with various derivatives of tamoxifen. For all experimental 
series the relative reaction rates of the allelic variants were about the same. For this purpose, 
the relative peak areas were evaluated for non-standardized metabolites. 

Configuration isomers 

In contrast to Z-tamoxifen, the configuration isomer E-tamoxifen was practically not 
metabolized by V79MZh2D6 homogenate. 
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Z-4-Hydroxy-tamoxifen 

The predominant metabolite of the hCYP2D6-catalyzed tamoxifen metabolism, Z-4- 
hydroxy-tamoxifen, was metabolized by V79MZh2D6 homogenate. The metabolites were 
identified as dihydroxy derivatives with respect to their mass spectra. For example, the 
hCYP2D6-catalyzed or//zo-hydroxylation of 4-hydroxy-tamoxifen forming the catechol has 
been described (Dehal and Kupfer, 1999). A detailed identification of the metabolites was 
impossible since no appropriate standards were available. 

Although this reaction should be less important quantitatively due to the low in vivo 
concentration of 4-hydroxy-tamoxifen it is of interest in view of toxicology because of the 
formation of catechols which may form protein adducts (Dehal and Kupfer, 1999). 

Modifications of the tamoxifen nitrogen 

Z-Tamoxifen-A^-oxide 

Z-Tamoxifen-A^-oxide was reacted to Z-4-hydroxy-tamoxifen-//-oxide, although only to a 
minor extent. A corresponding standard was synthesized by iV-oxidation of 4-hydroxy- 
tamoxifen with hydrogen peroxide. 

Z-A^-Demethyl-tamoxifen 

The reaction of Z-A^-demethyl-tamoxifen proceeded well. The main metabolite had about the 
same retention time as Z-4-hydroxy-tamoxifen, and the chromatogram was similar to that 
obtained after incubation with Z-tamoxifen. Presumably, Z-4-hydroxy-Ar-demethyl- 
tamoxifen and all other metabolites typical for Z-tamoxifen were generated in the Z-N- 
demethyl form. 

Zr-TV-Didemethyl-tamoxifen 

The reaction of Z-7V-didemethyl-tamoxifen was negligible. 

Example 11: Comparison to human liver microsomes and purified native hCYP2D6 

The enzyme kinetic characteristics of recombinant hCYP2D6 were in the physiological range 
as demonstrated by a comparison to liver microsomes and purified native hCYP2D6 (Table 
11). With 171 ± 16 pmol/mg/min the (+)-bufuralol hydroxylase activity of V79MZh2D6*l 
cell homogenate was in good agreement with published values for human liver microsomes 
of 167 ± 43 (Kronbach et al., 1987) and 199 ± 80 (Dayer et al., 1987), respectively. 
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Table 11 

Comparison of the kinetic parameters of the hCYP2D6 1 -catalyzed bufuralol hydroxylation 

in different expression systems. If the evaluation was performed assuming a biphasic 

Michaelis-Menten kinetic, the values for the isoform with high affinity and stereoselectivity 

are given. The selectivity is the ratio of (-)-bufuralol activity/(+)-bufuralol activity. 

Abbreviations: (+): (+)-bufuralol; (-): (-)-bufiiralol; (+/-): racemic bufuralol; CuOOH: 

cumene hydroperoxide; Yred: yeast reductase 

*^ No indication of the hCYP2D6 genotype or phenotype. 

*^ Phenotyped as EM using sparteine and/or debrisoquine in vivo. 

In validation studies, a good reproducibility of the bufuralol hydroxylase activities for the 
polymorphic cell lines could be demonstrated (Table 11) although the experiments were 
performed according to different protocols and both in culture and in cell homogenate. Thus, 
the reproducibility and standardization of the novel cell lines was confirmed which is of 
critical importance for a future use in preclinical drug development. 

With up to about 25 pmol/mg of cellular protein the amounts of cj^ochrome P450 in the 
V79MZh2D6 cell lines were in the physiological range of 8-115 pmol/mg in human liver 
microsomes (Distlerath et al., 1985). Similar values have been achieved in other mammalian 
cell systems such as COS-1 cells (Clark and Waterman, 1991) or human B lymphoblastoid 
cells (Crespi, 1991). With different expression systems such as baculovirus-infected insect 
cells substantially higher amounts of cytochrome P450 of up to 800 pmol/mg cell protein 
have been achieved (Evert et al., 1997). The level of expression, however, is only one 
criterion among many others in the selection of the suitable expression system. Substantially 
more important for most questions are the experimental possibilities provided by the 
expression system due to its biology. 
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